































































































































































Figure  1:  Illustration  of  the U‐shaped  profile  of  abnormal  resting  state  power  pattern  in  autism 
spectrum disorders (ASD). Taken from Wang et al. (2013). 
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Transcranial direct current stimulation
TDCS
Social cognition
a  b  s  t  r  a  c  t
Imaging  and  lesion  studies  have  suggested  numerous  roles  for  the temporoparietal  junction  (TPJ),  for
example  in  attention  and  neglect,  social  cognition,  and  self/other  processing.  These  studies  cannot  estab-
lish causal  relationships,  and  the  importance  and  relevance  of  (and interrelationships  between)  proposed
roles remain  controversial.  This  review  examined  studies  that use  noninvasive  transcranial  stimulation
(NTS)  to explore  TPJ  function.  Of  the 459  studies  identiﬁed,  40  met  selection  criteria.  The  strengths
and  weaknesses  of NTS-relevant  parameters  used  are  discussed,  and  methodological  improvements  sug-
gested.  These  include  the  need  for  careful  selection  of stimulation  sites  and  experimental  tasks,  and  use  of
neuronavigation  and  concurrent  functional  activity  measures.  Without  such  improvements,  overlapping
and  discrete  functions  of  the  TPJ will  be difﬁcult  to  disentangle.  Nevertheless,  the contributions  of  these
studies  to  theoretical  models  of  TPJ function  are discussed,  and  the  clinical  relevance  of  TPJ  stimulation
explored.  Some  evidence  exists for  TPJ  stimulation  in  the  treatment  of auditory  hallucinations,  tinnitus,
and  depersonalisation  disorder.  Further  examination  of  the  TPJ in conditions  such  as  autism  spectrum
disorder  is also  warranted.
© 2015  Elsevier  Ltd. All  rights  reserved.
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1. Introduction
The temporoparietal junction (TPJ) is a critical multimodal
cortical region, the precise role and anatomy of which remains
controversial. Not only are its functional roles and anatomical
boundaries debated, but its very conception as a uniﬁed region with
a common function is uncertain. Though deﬁnitions vary, the TPJ
generally refers to an area of cortex at the junction of the inferior
parietal lobule, lateral occipital cortex, and the posterior superior
temporal sulcus (Mars et al., 2012; Fig. 1). The TPJ receives inputs
from thalamic, limbic, somatosensory, visual and auditory areas,
and has bidirectional connectivity with distal temporal and pre-
frontal regions (Decety and Lamm,  2007). Due to this location at the
conﬂuence of diverse information streams, the TPJ is hypothesised
to be a critical hub for multisensory integration and processing.
Traditionally, evidence regarding TPJ function has emerged from
functional imaging and lesion studies. Functional imaging stud-
ies implicate the TPJ in processes as varied as episodic memory
retrieval (Vilberg and Rugg, 2008; Wagner et al., 2005), tempo-
ral processing (Davis et al., 2009), language and speech (Binder
et al., 2009), resting state activity (Buckner et al., 2008; Greicius
et al., 2003), vestibular function (Ventre-Dominey, 2014), attention
(Corbetta and Shulman, 2002) and social cognition (Dunbar, 2012;
Van Overwalle, 2009). The latter two constructs have attracted
the bulk of the research interest, particularly regarding areas of
overlapping activity in and near the right TPJ (rTPJ). Earlier stud-
ies examining the rTPJ in attention emphasise its involvement
in bottom-up attentional reorienting based on stimulus salience
(Corbetta and Shulman, 2002; Decety and Lamm,  2007). Some later
papers suggest a further role of the rTPJ in top-down attentional
processes (Geng and Vossel, 2013; Vossel et al., 2014). The rTPJ
has also been implicated in left hemiﬁeld neglect, which refers to
a deﬁcit in attention to the left side of space (Ptak and Schnider,
2011). Similarly, many studies of social cognition have identiﬁed
TPJ activity during processes involving mentalising (Gallagher and
Frith, 2003; Saxe and Kanwisher, 2003) and related constructs such
as belief attribution (Young and Saxe, 2008), imitation and con-
trol thereof (Santiesteban et al., 2012b; Sowden and Catmur, 2013),
and moral processing (Greene et al., 2004; Young and Saxe, 2009).
Important mentalising processes occur in the TPJ bilaterally (Perner
et al., 2006). There is also a strong body of literature connecting
TPJ activity to self-other and bodily-awareness processing, such as
sense of agency (Farrer et al., 2003; Farrer and Frith, 2002; Ruby
and Decety, 2001), self-other discrimination (van der Meer et al.,
2011; Vogeley et al., 2001), and embodiment (Arzy et al., 2006).
Indeed, out-of-body experiences (OBEs) may  be related to multi-
sensory integration failure at the TPJ (Blanke and Arzy, 2005; Blanke
et al., 2002). OBEs involve the perception of being outside one’s own
body, and often observing oneself from this perspective.
Lesion studies tend to paint a similar portrait in terms of deﬁcits
associated with TPJ damage. One challenge regarding synthesis and
making inferences, however, is that damage is infrequently focal to
the TPJ speciﬁcally, so functional contributions can be more dif-
ﬁcult to pinpoint with conﬁdence. Having noted this caveat, the
lesion literature is particularly rich regarding TPJ involvement in
attention and visual neglect (Committeri et al., 2007; Ticini, 2013).
Damage to the rTPJ has long been associated with neglect symp-
toms (Di Pellegrino, 1995; Friedrich et al., 1998; Karnath et al., 2003;
Vallar and Perani, 1986), although it is increasingly acknowledged
that neglect is heterogeneous both behaviourally and anatomically
(Karnath et al., 2004). Two recent activation likelihood estimation
meta-analyses examining lesion-symptom mapping studies rele-
vant to visual and spatial neglect afﬁrm this diversity (Chechlacz
et al., 2012; Molenberghs et al., 2012). Separate lesion sites were
found to be divergently inﬂuential in different tasks, and damage
to different regions within the TPJ itself had different implica-
tions. For example, more posterior lesions (including the angular
gyrus) impacted allocentric function more greatly than in egocen-
tric frames of reference, which were more heavily inﬂuenced by
lesions to supramarginal and superior temporal gyri (Chechlacz
et al., 2012). Regarding attention more generally, lesion evidence
supports TPJ involvement in both top-down (Geng and Vossel,
2013) and bottom-up attention processes (Castiello and Paine,
2002; Corbetta et al., 2005; Posner et al., 1984). The lesion liter-
ature also supports the notion that the TPJ is critical to a range of
other processes, including language and speech (Buchsbaum et al.,
2011) and motor-sensory abilities such as perception-action cou-
pling (Ro et al., 1998). Left TPJ damage has been associated with
ideational apraxia (De Renzi and Lucchelli, 1988), and TPJ dam-
age in general impacts a range of bodily-awareness and self-other
processing abilities, such as vestibular function, internal body mod-
els and postural stability (Pérennou et al., 2000; Ventre-Dominey
et al., 2003). It can also result in deﬁcits such as anosognosia and
personal neglect (Committeri et al., 2007; Starkstein et al., 1992)
and contribute to the likelihood of OBEs (Blanke and Arzy, 2005).
The self-other processing that occurs at the TPJ may  also be critical
in terms of higher order social cognitive processes. For example, one
study examining 13 patients with TPJ lesions found imitative con-
trol and perspective-taking performance to be relatively impaired
in a manner that was signiﬁcantly correlated (Spengler et al., 2010).
TPJ lesions have also been found to effect facial emotion recognition
and emotional empathy (Shamay-Tsoory, 2011; Starkstein et al.,
1992), as well as mentalising processes such as belief attribution
(Samson et al., 2004).
There is signiﬁcant debate as to whether the rTPJ primarily sub-
serves attention, social cognition, or a co-dependent combination
of both. Earlier papers tend to advocate the primacy of either atten-
tion (Mitchell, 2008) or social cognition (Saxe and Wexler, 2005),
or attempt to explain overlapping function in terms of uniﬁed, co-
dependent processes (Decety and Lamm,  2007). In the latter case,
the TPJ is viewed as a critical hub in predicting external events
and reorienting attention based on stimulus salience. According to
Decety and Lamm (2007) these lower-level processes are impor-
tant in a domain general way, but are also essential to higher
order processes such as mentalising, which requires complex pro-
cesses of ‘attending-to’ and ‘theorising-about’ social stimuli. More
recently, a number of papers have applied more ‘ﬁne-grained’
analyses and suggest that distinct neural regions may exist for dif-
ferent processes within the TPJ, which may  or may  not overlap in
terms of functional integration (Carter and Huettel, 2013; Kubit
and Jack, 2013; Mars et al., 2012; Scholz et al., 2009). On aver-
age, attention tasks elicit activity in more dorsal/anterior TPJ areas
(Fig. 2), whereas social cognition tasks tend to activate more ven-
tral/posterior TPJ sites (Carter and Huettel, 2013; Kubit and Jack,
2013). Furthermore, an examination of the rTPJ conducted by Mars
et al. (2012) identiﬁed three subregions (using tractography-based
parcellation), and then explored their resting state functional con-
nectivity. They reported a dorsal cluster in the inferior parietal
lobule (IPL) with functional connectivity to the lateral anterior pre-
frontal cortex (laPFC), a ventral anterior TPJ cluster connected to
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Fig. 1. Location and gyri constituting the TPJ.
Adapted with permission from Hyman (2010) and Reilly (2013).
the ventral PFC and anterior insula, and a posterior TPJ subregion
that interacted with the anterior medial PFC, temporal pole, and
posterior cingulate.
There are limitations to conclusions based on the ﬁndings above,
however. First, ﬁndings in imaging studies are correlational. In
a multimodal and ﬁnely parcellated region with various theo-
rised ‘switching roles’ (where activity increases may  be better
explained by decreases in suppression) such as the TPJ, imaging has
limited causal explanatory power (Kubit and Jack, 2013). Second,
lesion and imaging studies cannot make the leap from identify-
ing region-function relationships to exploring potential clinical and
therapeutic implications and responses. Fortunately, noninvasive
transcranial stimulation (NTS) techniques can overcome both of
these limitations. As interest in the TPJ has grown over the last
decade, so has the number of NTS studies exploring its function
and clinical relevance.
1.1. Purpose of and justiﬁcation for the present review
The TPJ is emerging as a critical hub in numerous cognitive
domains. The proliferation of NTS studies examining the TPJ has
not been systematically reviewed to date. Doing so provides a
unique opportunity to explore and better understand its causal
roles, which remain controversial.
A further goal is to examine the potential clinical utility of NTS
technologies as applied to the TPJ. Transcranial magnetic stimu-
lation (TMS) and/or transcranial direct current stimulation (tDCS)
have already been used in populations with depersonalization dis-
orders (Christopeit et al., 2014), tinnitus, and refractory auditory
hallucinations, all with some success. Reviews and metaanalyses
in these latter two conditions already exist (Slotema et al., 2014;
Song et al., 2012), so only subsequent studies will be examined in
detail here.
A particular focus will be whether studies stimulating the TPJ
during social cognition tasks provide support for the potential
efﬁcacy of TPJ modulation in clinical populations such as autism
spectrum disorder (ASD). Repetitive TMS  (rTMS) applied to other
regions of the mentalising network, such as the dorsomedial pre-
frontal cortex (dmPFC), has already shown potential beneﬁts in
terms of social-relating symptoms in ASD (Enticott et al., 2011,
2014). Given the critical role of the TPJ in mentalising (Aichhorn
et al., 2009; Saxe and Wexler, 2005), TPJ atypicalities in ASD (Kana
Fig. 2. Overlapping and distinct TPJ (black outline) activity in tasks involving attention (red), memory (blue), social stimuli (green), and language (gold). Reproduced with
permission from Carter and Huettel (2013, p. 332), who  propose a ‘nexus model’ of the TPJ, whereby these convergent processing streams create novel functions such as
mentalising (white broken outline). The highlighted areas represent metaanalytic functional imaging activation patterns based on data obtained from Neurosynth (http://
neurosynth.org). (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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Table 1
Databases accessed, date of access, and results retained after abstract review.
Database Date of search Results Removed via abstract review Results for full-text review
Scopus 15/04/2014 44 11 33
Web  of Science 15/04/2014 72 30 42
PsycINFO (via EBSCO Host) 15/04/2014 29 5 24
Medline Complete (via EBSCO Host) 23/04/2014 48 11 37
Informit: Health Subset 23/04/2014 7 7 0
Embase  23/04/2014 64 14 50
Cochrane Library 23/04/2014 7 1 6
PubMed/PubMed Clinical Enquiries 23/04/2014 61 23 38
DRO  24/04/2014 0 0 0
OAIster  24/04/2014 0 0 0
EThOS  24/04/2014 0 0 0
Proquest Dissertations and Theses Global 24/04/2014 120 102 18
PsycEXTRA via EBSCO Host 24/04/2014 0 0 0
OpenGrey 24/04/2014 0 0 0
CogPrints 24/04/2014 5 5 0
The  Grey Literature Report 25/04/2014 0 0 0
et al., 2014), and the link between aberrant TPJ function during
mentalising tasks and social impairment in ASD (Lombardo et al.,
2011), the TPJ appears to be an ideal candidate region for explo-
ration of modulation in ASD. Furthermore, effective stimulation of
the TPJ can occur at a lower intensity than dmPFC stimulation (due
to its depth), and is likely to be less aversive.
A secondary goal is to brieﬂy examine the various methodolo-
gies used, in order to highlight shortfalls and suggest potential
improvements for future research exploring TPJ function. The
review will begin with a general discussion of the stimulation tech-
nologies used, and trends in terms strengths and weaknesses of the
stimulation-relevant parameters utilised. It will then examine the
studies themselves, grouped according to behavioural function or
clinical group examined.
2. Methods
Databases were searched in April 2014 using the following
search string, without limiters: [(TMS OR “transcranial magnetic
stimulation” OR rTMS OR “repetitive transcranial magnetic stim-
ulation” OR tDCS OR “transcranial direct current stimulation” OR
tACS OR “transcranial alternating current stimulation” OR TBS
OR “theta burst stimulation” OR “theta-burst-stimulation” OR
“theta-burst stimulation” OR “non-invasive brain stimulation” OR
“noninvasive brain stimulation” OR tPCS OR “transcranial pulsed
current stimulation” OR tRNS OR “transcranial random noise stim-
ulation”) AND (TPJ OR rTPJ OR lTPJ OR “temporal parietal junction”
OR “temporoparietal junction” OR “temporal-parietal junction” OR
“temporo-parietal junction” OR “temporo-parietal region”)]. Alerts
were also set up on all databases that offered the option. Results
are summarised in Table 1.
The initial search yielded 457 papers. Alerts yielded two further
papers. Of these, 209 were removed after abstract screening. A fur-
ther 210 papers were rejected due to being duplicates or for other
reasons (reasons for rejection at each stage are detailed in Table 2).
Included studies therefore totalled 40 (see Fig. 3 for PRISMA ﬂow
Table 2






No  transcranial stimulation 162 12
No  explicitly stated TPJ stimulation 32 11
Unpublished 1 14
Case  report or series 2
TPJ  as inactive control site only 1
diagram). To be included in the review, the paper needed to be
a full, published, empirical study, where transcranial stimulation
was applied to the human TPJ (either as a focus of the study or as an
active control site). Due to the highly varied nature of research goals
and methodologies, a uniform rating criteria for bias risk in each
study was  not applied. Blinding and control methods are reported
for each study, however.
3. Discussion
3.1. Stimulation techniques
Of the papers reviewed, 11 used event-related TMS  pulses
(erTMS; eight used single pulse, three used double pulse, and one
used a triple pulse protocol), 23 used rTMS, four used theta burst
stimulation (TBS), and ﬁve used tDCS. Some studies utilised more
than one stimulation technique.
The different techniques are informative regarding study goals.
To brieﬂy disrupt neural activity in a focal target region during a
speciﬁc stage of task performance, ‘online’ erTMS pulses are gener-
ally used. These are sufﬁciently intense to produce neural discharge.
The impact of the disruption on task performance is measured con-
currently, thereby implying involvement or non-involvement of
the region stimulated (Hallett, 2007). In contrast, rTMS is generally
‘ofﬂine’, and uses multiple pulses at regular intervals (measured in
Hz) to effect longer but transient changes in cortical excitability.
Low frequency rTMS (usually 1 Hz) is thought to reduce cortical
excitability, whereas higher frequencies tend to enhance cortical
excitability (Bersani et al., 2013). Most rTMS studies reviewed here
applied 1 Hz rTMS (19 of 23 papers) in order to either create a ‘tem-
porary lesion’ for the duration of task performance (investigative
studies), or to down-regulate regional cortical activity in a clini-
cal population (therapeutic studies). rTMS frequencies ranged from
1 Hz to 20 Hz, however, and the results of these studies will be
discussed accordingly.
Another TMS  paradigm becoming more frequently employed is
TBS. This (typically) utilises bursts of three pulses at 50 Hz (20 ms
between pulses) at 5 Hz frequency (200 ms  between bursts). Work
done on the motor cortex suggests that the direction and duration
of effects depend whether the bursts are delivered continuously or
intermittently. At 80% of active motor threshold (AMT), intermit-
tent TBS (iTBS; 2 s trains of TBS every 10 s for 190 s totaling 600
pulses) facilitated motor cortex excitability for 15 min, whereas
continuous TBS (cTBS; an uninterrupted 40 s TBS train totaling 600
pulses) reduced motor excitability for nearly 60 min  (Huang et al.,
2005). The directionality of modulation depends also on stimu-
lation duration, however. Applying the same patterns of TBS for
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Fig. 3. PRISMA ﬂow diagram.
double the length (1200 pulses), Gamboa et al. (2010) found the
reverse effects; cTBS facilitated cortical activity, and iTBS became
inhibitory. Although the exact nature of the cellular effects of TBS
are unclear (Huang et al., 2011), the beneﬁt of TBS is that rela-
tively short, intense periods of stimulation can induce longer lasting
periods of neural modulation than equivalent rTMS paradigms. All
four TBS studies reviewed here used cTBS to inhibit TPJ excitability
for the duration of testing.
The only transcranial current technique used to modulate TPJ
activity was tDCS. This delivers low currents to the cortex result-
ing in transient modulation of membrane potentials and cortical
excitability. Anodal tDCS tends to promote depolarisation of res-
ting membrane potentials and increased rates of neuronal ﬁring,
whereas cathodal stimulation increases hyperpolarisation and low-
ers ﬁring rates (Nitsche et al., 2008). The shortcomings of this
simple anodal/cathodal explanation have been highlighted else-
where (Horvath et al., 2014). Of the ﬁve tDCS studies reviewed,
two applied cathodal stimulation to the left TPJ (lTPJ) only, one
applied both cathodal and anodal stimulation to the lTPJ only, one
applied both cathodal and anodal stimulation to the rTPJ only, and
one applied anodal stimulation bilaterally.
3.2. Stimulation protocols and parameters
3.2.1. TPJ location and navigation method
The range of TPJ sites and locating methods were strikingly
diverse (Fig. 4). Most TMS  studies used individual MRI  data to
neuronavigate coil placement (n = 29), utilising either predeﬁned
anatomical landmarks or co-ordinates based on relevant fMRI ﬁnd-
ings. Some did not use neuronavigation, instead opting to use the
International 10–20 EEG system (n = 6). The lTPJ was  variously
deﬁned as halfway between T3 and P3 (3 studies), halfway between
C3 and T5 (2 studies), or CP5 (one study). Similarly, the rTPJ was
deﬁned as halfway between T4 and P4 (3 studies), or CP6 (one
study). Four of these were clinical studies, and two investigated
self-other processing (Heinisch et al., 2011a, 2012). Two studies
used MRI  data for some participants and the 10–20 system for oth-
ers, without providing a rationale for doing so (Piccirillo et al., 2011,
2013). One study located the TPJ via a set distance from the motor
threshold site used (Gromann et al., 2012), which has proven to be
an unreliable method for locating other cortical areas (Herwig et al.,
2001). Two  did not report on TPJ-locating method (Kim et al., 2013,
2014). All ﬁve tDCS studies used the 10–20 EEG system to guide
electrode placement.
The TPJ is characterised by a high level of inter-individual vari-
ability in gross anatomical structure and cytoarchitecture (Caspers
et al., 2006; Van Essen, 2005). Factors such as cultural and lin-
guistic development may  even impact cerebral location for speciﬁc
functions associated with the TPJ (Kobayashi et al., 2007; Perner
and Aichhorn, 2008). Given this knowledge, some form of indi-
vidualised, MRI-guided neuronavigation seems critical to achieve
satisfactory conﬁdence in TMS  coil placement. This has been con-
sidered less necessary in tDCS, due partly to the large electrode
sizes and surface areas being stimulated. However, as technologies
improve in focality (such as in high deﬁnition tDCS), the impor-
tance of managing inter-individual differences increases (Huang
et al., 2012; Krause and Kadosh, 2014), and neuronavigation must
be considered standard practice for HD-tDCS of the TPJ.
Fig. 4 highlights the range of targets labelled as the TPJ. It is inter-
esting to compare the patterns of site selection with Fig. 2, and with
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Fig. 4. Target sites in stimulation studies. (a) Studies pertaining to attention or visual processing in red; (b) studies related to speech, language, and auditory processing in
black;  (c) studies related to self, other, and bodily awareness processing in blue; and (d) studies related to social cognition in green. All images were prepared using MRIcro,
which  was  also used to convert Talairach to MNI  coordinates where necessary. International 10–20 locations were also converted to approximate MNI  coordinates (Jurcak
et  al., 2007; Vitali et al., 2002). Both lTPJ and rTPJ sites are displayed as projected onto the right hemisphere. (For interpretation of the references to colour in this ﬁgure
legend,  the reader is referred to the web version of this article.)
the ﬁndings of studies advocating a subregion approach to the TPJ
(Kubit and Jack, 2013; Mars et al., 2012). Studies examining atten-
tion or visual processing tended to target the supramarginal gyrus
(SMG) or the border of the SMG  and the angular gyrus (AG), which
have been associated with target detection and reorienting, respec-
tively (Kubit and Jack, 2013). Studies assessing language/auditory
or self/other processing tended to choose similar stimulation sites
to the attention studies, with some slightly more posterior sites
targeting the angular gyrus. Social cognition studies stand apart
somewhat in their site selection, tending to be more posterior
and focusing on the AG. Contra the bulk of prior functional imag-
ing and connection evidence, however, several studies stimulated
more dorsally than could be expected. Some sites extend perhaps
even beyond the traditional TPJ region, such as those used by Kelly
et al. (2014), which were based on peak fMRI activation during their
own social attribution task (Table 6). When more dorsal/posterior
regions of the inferior parietal lobule are stimulated, the question of
the contribution of the mirror neuron system (or action observation
network) to social attribution task performance is raised (Tidoni
et al., 2013).
3.2.2. Factors inﬂuencing physiological effects: intensity,
duration, coils, and electrodes
Intensity and duration of stimulation, as well as coil/electrode
size and type, inﬂuence the depth, width, and longevity of cortical
modulation. In TMS  studies, two approaches to intensity predom-
inate. Most studies used motor thresholds (MTs; n = 22) whereby
a percentage of the stimulator intensity required to elicit a motor
evoked potential (MEP) is then applied to other brain regions. Most
TBS studies (n = 3) used active MTs  (AMTs), whereby MEPs are mea-
sured during target muscle contraction. Other studies used resting
MTs  (RMTs), assessing MEPs while the target muscle is relaxed.
In this review intensities ranged from 80% to 120% of MT  (80%
of AMT  in TBS, and higher percentages of RMT  for event-related
paradigms with fewer, more sporadic pulses). Most used criteria
outlined by Rossi et al. (2009) to establish MTs. Alternatively, 12
studies selected a percentage of maximum stimulator output (MSO)
to apply to all participants. MSOs ranged from 40% to 80%, and in
two studies the MSO  had to be reduced for several participants
to reduce discomfort (Chica et al., 2011; Haarmeier and Kammer,
2010). One further study used a ‘sub-MT’ criteria, where intensity
was individualised so that no muscle twitches or discomfort was
felt, equating to 38–65% of MSO  (Tsakiris et al., 2008). Appropriate
intensities are difﬁcult to deﬁne in motorically silent cortical areas.
MTs  have the beneﬁt of individualisation, but applicability to other
cortical areas is uncertain (Stewart et al., 2001). Setting a standard
MSO  across all participants is consistent, but likely to have vary-
ing effects given inter-individual anatomical differences. Although
neither technique is ideal, the problems with MTs in non-motor
areas may  be exaggerated (Stokes et al., 2013), and MTs  remain the
preferred method.
Duration of TMS  varied from microseconds per trial (times total
trial number) in erTMS paradigms, to 10–20 sessions of 42.5 min
1 Hz rTMS in tinnitus trials (Piccirillo et al., 2013). All studies that
reported on coil type used a ﬁgure-of-eight (Fo8) coil. The most
common size was  70 mm (20 studies). Four studies did not report
coil size, and two  studies did not record coil type (in such cases
a 70 mm Fo8 coil can generally be presumed). Fo8 coils promote
focality of effect, and depending on factors such as coil size, inten-
sity of pulse, and scalp to cortex distance, produce a suprathreshold
ﬁeld up to 1.5 cm deep and 1–2 cm wide (Bersani et al., 2013;
Fitzgerald et al., 2006).
Regarding tDCS intensities, three studies used 2 mA as outlined
by Nitsche et al. (2003), one used 1.25 mA,  and one used 1 mA.
Electrode sizes were either 25 cm2 or 35 cm2, and maximum cur-
rent densities ranged from 0.03 to 0.08 mA/cm2. Though these are
well within suggested safe limits, animal models suggest caution
is necessary at higher intensities and longer durations, due to the
potential for cellular heat damage (Bikson et al., 2009). Stimulation
durations ranged from 11 to 20 min. Durations above 9–13 min  alter
cortical excitability for up to an hour (Nitsche et al., 2008), allowing
sufﬁcient time for subsequent task completion in the three studies
using a pre-post tDCS paradigm. Two further studies used multi-
ple sessions over greater periods to induce longer-term changes.
Although one study provided electrophysiological evidence of cor-
tical modulation after tDCS to the TPJ (Zaehle et al., 2011), there is a
relative dearth of information regarding the local and diffuse neu-
rophysiological effects of both tDCS and TMS  to the TPJ. Improved
modelling of the cellular effects of TPJ stimulation would allow for
both improved methodology and inference plausibility, and should
be a priority.
3.2.3. Adverse effects and collateral effects
An equal number of studies (n = 15) reported no adverse effects
(AEs), or did not report on AEs at all. Eight TMS  studies reported
facial muscle twitching in some participants, and three studies
reported some participants with mild headaches after rTMS or
TBS. One study reported a participant who had to pull out dur-
ing rTMS due to severe headache (Kim et al., 2014), and one
study reported a participant with an ‘inebriation-like’ feeling after
TPJ rTMS (Jay et al., 2014). Three tDCS studies reported no AEs,
and two did not report on AEs (Kyriakareli et al., 2013; Zaehle
et al., 2011). These rates are consistent with those reported by
Brunoni et al. (2011), who found that 56% of tDCS studies men-
tioned AEs, that they did so in an unsystematic manner, and that
AEs were likely to be underreported. Similar appeals have been
made to improve TMS  AE reporting (Rossi et al., 2009; Wasserman,
1998).
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Not only direct AEs and side effects should be examined and
reported on. In terms of assessing cost/beneﬁt ratios of ‘neuroen-
hancement’ stimulation protocols in particular, the net zero-sum
model of Brem et al. (2014) should be considered where possi-
ble. This posits that neural gains are likely to be offset by neural
losses. For example, in enhancing social cognition via tDCS to the
TPJ (Santiesteban et al., 2012a), is performance in one or more
other cognitive domains compromised? Without testing for poten-
tial negative impacts, the overall beneﬁt of the positive impacts
might be overvalued. Furthermore, there is a general lack of con-
current or pre-post electrophysiological or imaging data in these
studies. Without such evidence, the broader impacts of TPJ stim-
ulation, TPJ functional connectivity, and the potential inﬂuence of
functionally connected regions on behaviour cannot be ascertained.
3.2.4. Sham methodology and control sites
Of the TMS  studies, 19 did not use a sham condition (many of
these were erTMS and clinical trials). Seven reported the use of a
sham coil (which sounds like an active coil and in some cases even
stimulates scalp muscles), and seven studies held the coil at an
angle so as not to stimulate the cortex. The angle was perpendicular
in all but two studies, which reported only a ‘differently angled’ coil
(Heinisch et al., 2011b, 2012). One study reported sham stimulation
without specifying the method (Baumgartner et al., 2013). In terms
of other control methods, nine studies utilised alternative-site con-
trol stimulation, and six used a no-TMS condition for comparison.
Whereas TMS  is difﬁcult to simulate given its auditory and sen-
sory impacts, tDCS can be sham-controlled in a relatively effective
manner via short initial periods of current application to induce the
characteristic itching/tingling sensation, before ramping down to
no stimulation (Poreisz et al., 2007). Others, however, have ques-
tioned the effectiveness of tDCS sham conditions (Horvath et al.,
2014). Three studies provided initial stimulation for between 10
and 30 s. One study applied 40 s of stimulation (2 mA), then a small
current pulse every 550 ms  for the remainder (Brunelin et al., 2012).
The ﬁnal study did not report the use of a sham condition (Bose et al.,
2014).
3.2.5. Participants
Aside from the clinical studies, participants were generally
healthy right-handed adults, aged between 18 and 50 (though in
one study up to age 72). Interestingly, six studies included one or
two left-handed individuals in their right-handed sample (Cazzato
et al., 2014; Chica et al., 2011; Kelly et al., 2014; Kyriakareli et al.,
2013; Sowden and Catmur, 2013; Tsakiris et al., 2008). These admis-
sions are potentially problematic, given the possibility of laterality
affects of TPJ function related to handedness. Some studies did not
report on handedness (n = 13). One author participated in his own
study (Haarmeier and Kammer, 2010).
3.2.6. Other general stimulation considerations and limitations
There are several other considerations when examining and
interpreting results of NTS studies. Two common concerns
regarding TMS  and tDCS are potential collateral effects and other
as yet-unknown effects. An exemplar of the former is the ‘net zero
sum model’ put forward by Brem et al. (2014). This model is based
on the principal of energy conservation in closed systems, and pro-
poses that neural ‘gains’ in one area or domain are likely to offset
by neural ‘losses’ in another area or domain. Whilst there is evi-
dence both for and against this proposition (Hamilton et al., 2011),
the authors suggest a decision-making framework for managing
costs and beneﬁts in this regard, taking into account factors such
as the level of impact (wanted and unwanted), its importance, its
duration, and its reversibility (Brem et al., 2014). Our understand-
ing of the level and importance of these potential collateral effects
remains incomplete.
In fact, there are many unknowns in the ﬁeld of NTS. Whilst our
understanding of the exact mechanism/s of NTS effects on neu-
ral tissue is increasing all the time (Bestmann, 2008; Medeiros
et al., 2012), this knowledge is incomplete. It is not known precisely
how factors such as age, gender, medications, substances, individ-
ual anatomy and physiology, and clinical disorders might mediate
these effects and in turn inﬂuence factors such as endocrine, neuro-
transmitter, immune, and autonomic systems (Davis, 2014; Rossi
et al., 2009). Even within-subjects factors such as prior arousal
level and oscillation pattern in underlying cortex may  be important
determinants of stimulation effects, a notion referred to as state-
dependency (Dayan et al., 2013; Neuling et al., 2013; Silvanto et al.,
2008). We  still know little about the impacts of NTS on remote and
functionally connected areas of the brain, glial cells, how long-term
effects are established/maintained, and whether unobserved side
effects of chronic long-term application of NTS technologies exist
(Davis, 2014; Hamilton et al., 2011; Illes et al., 2006). However,
knowledge is rapidly building regarding these many unknowns.
Researchers are increasingly developing novel methods to exam-
ine local and distributed effects both during stimulation (such as
combined TMS/fMRI) and in the longer term, and efforts to exam-
ine potential physiological and collateral effects of stimulation and
publish safety-related data are increasingly common (Cabrera et al.,
2014).
3.3. Review of studies grouped according to tasks and purpose
3.3.1. Studies related to attention or visual processing
Eight studies were reviewed in this category (Table 3). A pair
of studies used 20 min  of 1 Hz rTMS to disrupt the TPJ and intra-
parietal sulcus (IPS) to examine control of Inhibition of Return (IOR)
in each hemisphere (Bourgeois et al., 2013a,b). IOR refers to a pref-
erence to attend to non-previously inspected visual spaces, and
IOR tasks can explore dorsal and ventral spatial attention networks
and their role in endogenous/exogenous attention. The ﬁrst study
reported that rTMS over both the rTPJ and rIPS eliminated manual
(not saccadic) IOR for right-sided targets, but for left-sided targets,
rTMS over rTPJ produced no modulation (Bourgeois et al., 2013a).
The second study disrupted the same regions in the left hemi-
sphere, which affected neither manual nor saccadic IOR (Bourgeois
et al., 2013b). The authors note the relevance of these ﬁndings to
lesion/hemineglect studies, and suggest that the TPJ may  be critical
in the detection of novel and behaviourally relevant stimuli, with
the right hemisphere playing the predominant role. There were
some limitations to these studies, however. Whilst the IPS in both
cases was stimulated at 80% of MSO, the TPJ intensity was reduced
and variable, though the variation in terms of individual RMT  per-
centages was not provided (means were 55% and 60% of MSO  in
each study, respectively). Direct comparisons between IPS and TPJ
as distinct attention network components are therefore difﬁcult to
make.
Two  studies used different TMS paradigms to explore TPJ
involvement in endogenous and exogenous attention. Chang et al.
(2013) examined attention reorienting effects in both lTPJ and rTPJ
using a rapid serial visual presentation task, before and after 20 s of
cTBS. Only rTPJ interference affected contingent orienting, increas-
ing capture in the left visual ﬁeld and decreasing the effect in the
right visual ﬁeld. This implies TPJ involvement in ventral network
attention reorienting, and suggests spatial selectivity within it. Sur-
prisingly given the focus on laterality, this paper does not mention
whether participants were right-handed. Furthermore, it is unclear
how long pre/post TMS  participants were assessed. In contrast,
Chica et al. (2011) used double-pulse erTMS 50 or 650 ms  before
target presentation (rIPS, rTPJ and sham) at two stimulus-onset
asynchronies (SOAs; short and long) to inﬂuence processing during





















Studies related to attention or visual processing.
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n  Age  range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure




Bosco  et  al.  (2008)  Visual-motor
timing  (predictive
interception)





and  dpTMS  study
P:  sham  TMS  in
dpTMS  conditions.
E: not  stated
Healthy  RH
volunteers
35  (1:  n =  12; 2:
n =  18;  3:  n =  6;  4:
n  =  6)
20–32  (M  =  23.7)  16/19  Not  stated  TMS  (Magstim
SuperRapid)  1.
rTMS;  2. dpTMS;  3.
dpTMS;  4.  rTMS
hMT/V5+,  TPJ
(mean  MNI
coordinates:  1.  65,
−36.6, 30.1;  2.  67,
−25.7,  22.7;  3.
−62.5,  −36.2,  30; 4.
65.3,  −35,  27.3).
Neuronavigated
based  on  previous
fMRI  ﬁndings.
1.  No  sham,
pre-rTMS  as
control; 2.  Vertex,
no-TMS  control
trials;  3.  Sham
dpTMS over  LTPJ;  4.
No sham,  pre-rTMS
control
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22  (test),  16
(control)
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Table 3 (Continued )
Paper  Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method
of  assessment
Assessment  points  Reported  effects  Adverse  effects
Bosco  et al.
(2008)






1.  106.7  ±  9.2%
of  RMT;  2.
110% RMT;  3.
110%  RMT;  4.
Not  stated
1.  10  min;  2.
ER; 3. ER;  4.
10 min





time task  (RTT)
1.  Pre-post  rTMS;  2.
100 ms  after  trial
onset; 3. 300  ms
after trial  onset; 4.
Pre-post  rTMS













No  effects  on visual
perception;  other
AEs  not  reported
upon.
Bourgeois
et al.  (2013a)
Fo8  (70  mm)  – 1  Hz IPS  (80%  MSO);
TPJ  (55%  MSO)





Pre-  and  post-rTMS  rTMS  over  rTPJ  or
rIPS disrupted
manual  but  not
saccadic  IOR  for
right-sided  targets.
For  left-sided
targets,  rTMS  over
rTPJ  produced  no
modulation.









Fo8  (70  mm)  – 1  Hz IPS  (80%  MSO);
TPJ  (60%  MSO)





Pre-  and  post-rTMS  rTMS  over  lIPS or
lTPJ  did  not
modulate  either
manual  or  saccadic
IOR.




jaw  contractions  in
some.
Chang  et  al.
(2013)
Fo8  (55  mm)  – 3  × 50 Hz  @
5  Hz
40%  MSO  20  s  n/a  300  2  (days  apart,
not stated)




Pre-  and  post-rTMS  rTPJ  cTBS increased
contingent  capture
in  left  visual  ﬁeld
and  decreased
capture  in  right




Not  reported  upon.
Chica  et  al.
(2011)
Fo8  (70  mm)  – ER  80%  MSO
(reduced  in
















Post  dpTMS  and
target:  RT  or
1967 ms
EX:  TMS  disruption
of IPS or TPJ
prevented
contralateral
inhibition  at  the
long  stimulus-onset
asynchrony  (SOA).
END:  TMS  on  IPS
but  not  TPJ  led  to
abnormal
facilitatory  effects
at  long  SOAs.










Fo8  (MC-B70)  – 10  Hz  50%  MSO





340  s per
pulse,  3 pulses
within 300  ms
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After  300  ms
background
stimulus (including
3 TMS  pulses  in
active  condition)
Stimulation  of TPJ
impaired





In 5  subjects,  side




Meister  et al.
(2006)
2  × Fo8
(90 mm)
–  ER  60%  MSO  Not stated  n/a  1  (per  trial),
150 or  250  ms
after onset





Subjects  had  2250
ms  post  stimuli  for
response click





hemiﬁeld.  TMS  over
rSTG had  no  effect
Not  reported  upon.
Ritzinger  et al.
(2012)
Fo8  (70  mm)  Muscle  twitch
in ≥5/10
pulses
3  × 50 Hz  @
5  Hz
80%  of RMT  20  s  100  triple
pulses  each
site
300  (each  site)  4  (lTPJ,  rTPJ,
bilateral  TPJ,
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tasks, TMS  disruption of rIPS or rTPJ prevented contralateral inhi-
bition at the long SOA. In endogenous tasks, TMS  on rIPS but not
rTPJ led to facilitatory effects at the long SOA. This again suggests
a causal rTPJ role in exogenous rather than endogenous attention.
Though this study was well designed in terms of sham control and
counterbalancing, participants completed 3 TMS  conditions twice
(separate sessions), therefore performing six quite long blocks of
tasks. Fatigue and sham compromise are therefore possible. Fur-
thermore, the effect of TMS  onset (50 or 650 ms  pre-target) does
not appear to be analysed or discussed.
In another study exploring visuospatial attention and neglect,
Meister et al. (2006) utilised single-pulse erTMS (rTPJ, right supe-
rior temporal gyrus [rSTG], or sham) 150 or 250 ms  after presenting
unilateral or bilateral black dots. No main effect of pulse onset
(150 vs 250 ms)  was observed. rTPJ (and not rSTG) TMS  pro-
duced extinction-like responses to the contralateral hemiﬁeld
when stimuli were presented bilaterally (and not unilaterally). This
suggests rTPJ involvement in visuospatial attention when compet-
ing stimuli are present in both hemiﬁelds. One potential problem
with this study is that all participants underwent stimulation of
both regions (and sham) within one session, but the inter-stimulus
interval (ISI) and interval between regions is not made clear. If
both active sites were done concurrently, the ISI becomes more
important to avoid overlapping neurophysiological effects.
In a study linking visuospatial attention with global percep-
tion, Ritzinger et al. (2012) tested global/local Gestalt perception
before and after 20 s of cTBS (rTPJ, lTPJ, bilateral TPJ, and right
prefrontal cortex [rPFC] as control site; 4 separate sessions).
Contra their hypothesis, unilateral stimulation had no effect (either
side), and bilateral TPJ stimulation increased global Gestalt per-
formance. Whilst this indicates that global Gestalt perception
involves the bilateral TPJ, it is also an important reminder that
TMS  protocols intended to ‘disrupt’ neural activity are based
on modelling done largely in the motor cortex (Huang et al.,
2005, 2011). Morphology and physiology (and therefore excit-
atory and inhibitory responses) in other regions can differ, as
can the distributed neural effects (and therefore behavioural
effects) of up-regulating or down-regulating an area (Borchers
et al., 2012). In this case, one possibility is that bilateral TPJ
disruption temporarily suppresses exogenous attentional con-
trol, allowing for a stronger top-down integration of perceptual
stimuli.
The ﬁnal two studies examined visual-motor timing and smooth
pursuit eye movements. In a complex four-part study, Bosco
et al. (2008) applied 1 Hz rTMS and double-pulse erTMS to the
(mostly right) TPJ during tasks involving the interception of hori-
zontally/vertically moving accelerating/decelerating visual targets.
TPJ stimulation inﬂuenced interception of gravity-related motion
only. The authors suggest TPJ involvement in interception-relevant
timing signals, as well as developing internal models of gravita-
tional effects. With four experiments, however, the sample size
in each was quite small, and it appeared that some participants
were involved in multiple experiments. Haarmeier and Kammer
(2010) used 10 Hz erTMS pulses (3 within 300 ms  to the lTPJ or rTPJ
and other regions) coinciding with the presentation of a random-
moving background array embedded within a smooth pursuit task.
Stimulation of the bilateral TPJ disrupted optokinetic reﬂex sup-
pression, but did not inﬂuence motion perception responses. The
greatest impacts on pursuit velocity (the putative optokinesis sup-
pression indicator) for both lTPJ and rTPJ occurred approximately
250 ms  post random-array and TMS  introduction. The authors
therefore conclude that the TPJ supports the suppression of optoki-
nesis. A potential limitation of this study includes the lack of
speciﬁed interval between stimulation of the six different regions.
Insufﬁcient intervals in a triple-pulse paradigm could compromise
conﬁdence in distinct regional effects. There were also a range of
MSOs used, and a justiﬁcation for the speciﬁc protocol (triple-pulse,
10 Hz) was  not provided.
In summary, initial TMS  evidence supports a causal role
for the TPJ in manual IOR for right-sided targets, ventral net-
work attention reorienting (exogenous), contralateral hemiﬁeld
neglect, global Gestalt perception, gravity-related motion per-
ception, interception-relevant timing signals, and suppression of
optokinesis (Haarmeier and Kammer, 2010; Ritzinger et al., 2012).
These ﬁndings were generally for rTPJ only, though some found
bilateral inﬂuence. Only three studies utilised sham conditions
(Bosco et al., 2008; Chica et al., 2011; Meister et al., 2006), and
experimenters were not blind in any study (in fact one experi-
menter also participated in Haarmeier and Kammer, 2010). This
is not necessarily a signiﬁcant limitation in a well designed study
with an objective physiological measure, however, particularly in
the case of erTMS studies. A bigger concern is the lack of concur-
rent or pre-post electrophysiological measures. Without evidence
such as this, it is difﬁcult to ascertain stimulation effects, and rule
out the possibility that secondary stimulation of highly connected
regions are contributing to behavioural responses.
3.3.2. Studies related to speech, language, and auditory
processing (including clinical applications such as tinnitus and
auditory hallucinations)
Twelve studies met  review criteria in this category (Table 4).
Eight were clinical studies of tinnitus (n = 4) or auditory hallucina-
tions (n = 4). A further four examined speech, language, or auditory
processing. Of these, two  examined TPJ connectivity. Gromann et al.
(2012) applied 1 Hz rTMS to the rTPJ, before participants performed
auditory discrimination tasks while undergoing fMRI. The active
rTPJ stimulation group were reported to possess stronger connec-
tivity between the rTPJ and right dorsolateral PFC (rDLPFC) and
angular gyrus, which the authors suggest may  explain the efﬁ-
cacy of rTMS treatment of auditory hallucinations in schizophrenia.
rTPJ site location was deﬁned in terms of surface directions from
optimal RMT  site and not neuronavigated. Given large interindi-
vidual differences in brain topography and TPJ morphology, this is
a signiﬁcant limitation (and one that applies to much of the clin-
ical literature). In the second study, Murakami et al. (2012) used
a paired-coil TMS  paradigm, combined with a cTBS protocol, to
examine connectivity between TPJ and M1  (and posterior inferior
rontal gyrus [pIFG] and M1)  while listening to speech compared to
white noise. In both cases, ‘effective connectivity’ was reportedly
greater with speech compared to white noise, and cTBS reduced this
increase in connectivity (in fact rTPJ cTBS affected both pathways).
It is difﬁcult to ascertain useful chronometry information due to
the nature of the stimulus as variable/ongoing rather than discrete.
In the listening to speech condition, TMS  was delivered 1500 ms
after sentence onset, while TMS  was applied every 4.5–5.5 s dur-
ing the white noise condition. The authors suggest that both rTPJ
and rpIFG have a role in the integration of sensorimotor aspects of
speech, with the rTPJ situated upstream hierarchically. The authors
mention several limitations, including lack of TPJ focality. Another
concern is the lack of sham stimulation or non-site control condi-
tions.
In another study examining speech perception, Rochas et al.
(2014) used EEG to determine the best site/s and timing for an
erTMS intervention during lexical processing of emotional and
neutral words presented in either the left or right visual ﬁelds.
Triple-pulses at 50, 100, and 150 ms  after stimulus onset were
then applied in three different sites (lTPJ, rTPJ, and vertex) three
times in a single session. Perhaps problematically, the time inter-
val between stimulation of these sites was not provided. Response
times were slower in both lTPJ and rTPJ conditions, particularly
when words in the left visual ﬁeld with emotional content were





















Studies relating to speech, language, and auditory processing (including clinical applications).
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n Age range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure









TPJ and  DLPFC
pre-post rTMS





P: sham  controlled.
E: not  stated.
Healthy  RH  male
volunteers
22  (11  sham,  11
active)
18–55  0/22  Not  stated  rTMS  (Magstim
Super Rapid)
rTPJ  (5  cm  posterior
and 2  cm inferior  to
the RMT  site).  Not
neuronavigated.
Sham  coil
(Magstim)  to  rTPJ.
Murakami  et  al.
(2012)
Dorsal  auditory





paired  coil  TMS  and
cTBS  study,  controls
not mentioned




1.  n = 8; 2.  n =  8  (10
overall,  6 did both
studies)
(28.3,  6.4)  6/4  No  CNS  medication
at time  of  testing
1.  Paired  coil  erTMS
technique  (2  x
Magstim  200);  2.
cTBS (MagPro
X100)




Mean lTPJ  MNI
coordinates:
(x  =  −52,  y =  −42,
z = 26).
1.  No  sham  control
2. No  sham  control.






(vertex), no  sham
control








−54;  25.8);  rTPJ
(58.2; −50.7;  27.8).
Neuronavigated
based  on EEG/MRI
data.
Vertex  as active
control site.





tDCS  study,  sham
controlled
P:  sham  controlled.
E: not  stated.
Healthy  RH
volunteers
14  (26,  3)  7/7  Not  stated  tDCS (Eldith
constant  current
stimulator)
Active  electrode:  T7
or lTPJ  (CP5),  10–20





Current  applied  for
30 s  then  ramped
down without
subject awareness.
Clinical applications:  Auditory  hallucinations  (AH)
Bose  et  al.  (2014)  Insight/AH  in
schizophrenia
(SCH)
WS  (pre/post)  tDCS
clinical  trial,  no
sham  or waitlist
control
P:  none.  E: not
stated.
Patients  with








718.7  ±  354.2  mg
tDCS (Neuroconn
DC Stimu-  lator
Plus)
Anode  midway
between  F3  and FP1
(lDLPFC).  Cathode
midway between
T3 and P3  (lTPJ),
based on 10–20
EEG system.
No  sham  or
non-site  control.
Brunelin  et al.
(2012)
Potential  treatment




tDCS  clinical  trial
(sham  controlled)
P:  sham  controlled.
E: Interviewing
clinician  blind  to
condition.
RH  patients  with




30  (all clinical)  (37.8,  8.5)  8/22  All using
anti-psychotics




F3  and  FP1).
Cathode: lTPJ
(midway between
T3  and P3),  based
on  10–20  EEG
system.
After  40  s  of
stimulation,  a small
current  pulse
occurred every
550 m  (110  mA  over
15 msec)  through
remainder.
Vercammen  et al.
(2009)
Potential  treatment





clinical trial,  sham
controlled
P:  sham  controlled.
E: All  raters  blind  to
condition.
Patients  with
DSM-IV SCH  and
refractory  AH
36  (clinical;  12  LTPJ,
12 bilateral  TPJ,  12
sham)
(34.7,  12.1)  18/18  All taking
anti-psychotics  for




between  T3 and  P3)
or bilateral  TPJ
(halfway between
T4  and P4  for  RTPJ).
According  to 10–20
EEG  System.
lTPJ,  Magstim  sham
coil.
Vercammen  et al.
(2010)
Potential  treatment
for refractory  AH  in
SCH and  functional
connectivity






P:  sham  controlled.
E: All  raters  blind  to
condition.
Subset  from  2009
study  (above).  3 LH
18 (clinical)  (36.3,  12.5)  9/9  All taking
anti-psychotics  for




between  T3 and  P3,
using  10–20  EEG
System).
LTPJ,  Magstim  sham
coil.
Clinical applications:  Tinnitus
Kim  et al. (2013)  Laterality  impacts
of  TPJ  stimulation





P:  sham  controlled.
E: Not  stated.
Tinnitus  patients
refractory  to meds
for  ≥2  months
40  (clinical)  (57.2,  11.3)  17/23  Gingko  biloba  or  an
SSRI for  ≥2  months








the scalp,  5  min.
Kim  et al. (2014)  Long-term  impacts
of  TPJ  stimulation
in tinnitus  relief




P:  sham  controlled.
E: Not  stated.
Tinnitus  patients
refractory  to meds
for  ≥2  months
61  (clinical)  (55.3,  11.4)  32/29  Gingko  biloba  or  an
SSRI for  ≥2  months
rTMS  (MagPro)  lTPJ  or (ipsilateral,
contralateral).
Coordinates  and
method  of  locating
not stated.
Coil  placed in the
same  location,  but
perpendicular  to




















Table 4 (Continued )
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n  Age  range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure




Piccirillo  et  al.
(2011)
Impacts  of  TPJ
stimulation  (2






rTMS  clinical  trial
P: sham-controlled.
E:  raters  blind  to
condition.
Adults  with  tinnitus
≥6  months  and  THI
≥38
14  42–59,  M  =  52  4/10  Not  stated  rTMS  (Neuronetics
2100)
lTPJ.  5  patients:
midway between









Piccirillo  et  al.
(2013)
Impacts  of  TPJ
stimulation  (4






rTMS  clinical  trial.
P: sham-controlled.
E:  raters  blind  to
condition.
Adults  with  tinnitus
≥6  months  and  THI
≥30
14  22–59,  M  =  42  5/9  Not  stated  rTMS  (Neuronetics
2100)
lTPJ.  5  patients:
midway between











RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method
of  assessment
Assessment  points  Reported  effects  Adverse  effects
Gromann  et  al.
(2012)

















between  rTPJ  and
rDLPFC  and  angular
gyrus  post  active
rTMS  compared  to
sham. No  effects  on
accuracy  or RTs  in
prosody  task
No  SEs  reported
from rTMS
Murakami
et  al.  (2012)
1. Fo8  (50  mm;
TPJ or  pIFG);
Fo8 (70  mm;
lip M1).  2.  Fo8
(65  mm)
1.  MEP  ≥50  V
in  5/10  trials.
2. MEP
≥200  V  in
5/10 trials
1.  ER;  2.
3 ×  50  Hz
every  240  ms
1.  90%  RMT  2.
80%  AMT
1.  Not  stated;
2. 48  s
n/a  1.  Not  stated;
2. 600
2  (TPJ,  pIFG),






White  noise  vs
speech
(listening)
1.  4  ISIs,  pre-post.  2.
Pre-post  cTBS
TPJ  >  M1  and
pIFG  >  M1  effective
connectivity
increased  with
speech  compared  to
white noise.  cTBS  of
TPJ disrupted  both
TPJ  >  M1  and
pIFG  >  M1connectivity
No  AEs  reported  by
during  or  after  TMS
Rochas  et  al.
(2014)
70  mm  Fo8  Finger
movement  for
≥50%  of  motor
cortex  pulses
20  Hz  90%  of  RMT  Not  stated  3  pulses  per
trial,  50  ms
apart









2500  ms  after
stimulus  onset
(2350  ms  after  last
TMS  pulse)





presented  to  the
left  visual  ﬁeld.
Not  reported  upon
Zaehle  et  al.
(2011)
2  ×  35  cm2 n/a  n/a  1.25  mA  11  min  (linear
fade in/fade
out  of  8 s)
n/a  n/a  4,













Anodal  tDCS  over
T7 elicited  larger
P50  amplitudes.
Cathodal  tDCS  over
lTPJ  induced  larger
N1  amplitudes.
Not  reported  upon
Clinical applications:  Auditory  hallucinations  (AH)
Bose  et  al.
(2014)
2  ×  35  cm2 n/a  n/a  2  mA  20  min  n/a  n/a  10  (2  per  day,







n/a  Baseline  (day
before  tDCS);  ﬁfth
day  (after
completion  of  tDCS)
32.7%  mean
reduction  in  AHS.
Signiﬁcant





Brunelin  et  al.
(2012)
2  ×  35  cm2 n/a  n/a  2  mA  20  min  n/a  n/a  11  (2  per  day,








n/a  Baseline  (day  before
tDCS); 5th  day
(after  completion  of
tDCS); 1  and  3  mths
after  tDCS
31%  reduction  in
AH  severity  after
tDCS.  8%  reduction
after  sham.  Effect
maintained  at  3
months.
Improvement  in
PANSS  after  tDCS,
especially  negative
symptoms.






















Table 4 (Continued )
Paper  Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method
of  assessment
Assessment  points  Reported  effects  Adverse  effects
Vercammen
et al.  (2009)













n/a One  day  before
rTMS, at  the  end  of





reduced  in LTPJ
group only.
Bilateral  TPJ  group:
largest  reduction  in
affective
responsiveness;
small  reduction  in
hallucination  score.
No change  in
placebo  group.
No  serious  AEs.  7
patients:  twitching




et al.  (2010)





1  Hz  90%  of RMT  20  min  n/a  14,400  (total)  12  (6  days,
twice  daily,
≥5 h apart)






n/a  Pre  rTMS  (max  2
days  before);  post




post-rTMS  in  lTPJ
group.  No  change  in




with AH.  Increased
connectivity
between lTPJ and
right insula  in  lTPJ
group
Not reported  upon
Clinical applications:  Tinnitus
Kim  et al.
(2013)
Fo8  (C-B65)  Lowest
intensity
evoking  MEPs
of ≥50  mV  in
≥5/10 pulses
1  Hz  90%  of RMT  10  min  each
session  (8  s on,
2 s off)











both  had  signiﬁcant
beneﬁcial  effects
No  hearing  side
effects.  Other  AEs
not  reported  upon
Kim  et al.
(2014)
Fo8  (C-B65)  Lowest
intensity
evoking  MEPs
of ≥50  mV  in
≥5/10 pulses
1  Hz  90%  of RMT  10  min  each
session  (9  s on,
1 s off)
















degree  of decrease
in THI  scores  or
VAS.  No  difference
in rate  of
improvement
between I (14/30)




No hearing  AEs.  One
patient  stopped
treatment  due to
severe  headache
Piccirillo  et al.
(2011)
Not  stated  Min  intensity
to elicit
response  ≥50%
of  time  in the
right APB
1  Hz  110%  of RMT  42.5 min  5  × 331  s +  1  ×  350 s,
90 s ISI
Not  stated  5  per  wk  for
2 wks.
Active/sham
≥2  wks  apart
THI  n/a Pre-  and  post-rTMS  Daily  1 Hz  rTMS  to
LTPJ for  2  weeks  no
more  effective  than
placebo
No  serious  AEs.
Most common  SEs:
jaw  twitch  and
neck or  shoulder
tightness  or  twitch
Piccirillo  et al.
(2013)
Not  stated  Min  intensity
to elicit
response  ≥50%
of  time  in the
right APB
1  Hz  110%  of RMT  42.5 min  5  × 331  s +  1  ×  350 s,
90 s ISI
Not  stated  5  per  wk  for
4 wks.
Active/sham
≥2  wks  apart
THI  n/a Pre-  and  post-rTMS  Daily  1 Hz  rTMS  to
LTPJ for  4  weeks  no
more  effective  than
placebo
No  serious  AEs  or
SEs.  Most  common
complaint  jaw
twitches.
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word processing, with a particular rTPJ contribution to emotional
words. Emotional word processing in particular seems to rely on
rTPJ activity, particularly around 130–150 ms  post-stimulus. In a
more general neurophysiological experiment, Zaehle et al. (2011)
used 11 min  of 1.25 mA  tDCS over temporal and temporoparietal
areas (cathodal, anodal, and sham) to examine the modulation of
auditory cortex excitability (via EEG). Anodal temporal cortex tDCS
induced greater P50 amplitudes, while cathodal TPJ tDCS cortex
produced larger N1 amplitudes, a ﬁnding the authors relate back to
possible tinnitus treatment efﬁcacy.
Regarding the clinical rTMS trials examining auditory hallucina-
tion (AH) reduction in schizophrenia, multiple reviews have been
conducted (Demeulemeester et al., 2012; Montagne-Larmurier
et al., 2011; Slotema et al., 2012, 2014). The studies reviewed else-
where will therefore not be discussed further here (Vercammen
et al., 2009, 2010). Although there is some variation in ﬁndings,
metaanalyses suggest 1 Hz rTMS over left temporoparietal cortex is
effective in reducing AHs, with a mean weighted effect size (Hedge’s
g) of .44 to .63 (Slotema et al., 2014). Concurrent or solo stimu-
lation of rTPJ areas have proven ineffective (Slotema et al., 2014;
Vercammen et al., 2009).
Similarly, tDCS studies of AH in schizophrenia have been
reviewed elsewhere (Agarwal et al., 2013; Brunoni et al., 2014),
and typically employ an anodal-lDLPFC and cathodal-lTPJ montage.
Findings are generally positive, such as that of Brunelin et al. (2012)
reviewed here, who reported a 31% reduction in AH severity after
tDCS treatment, which was maintained at 3 months. Non-AH ben-
eﬁts, such as a reduction in negative/cognitive symptoms, may  also
occur (Andrade, 2013). Insight improvement has also been sug-
gested. Bose et al. (2014) applied the same montage in patients
with schizophrenia and refractory AH. Following tDCS, there was
a signiﬁcant improvement in both insight and AH severity. This
study lacked a control arm with sham tDCS, however, and would
have beneﬁted from concurrent assessment using cognitive tests.
A comparable picture exists regarding studies of TPJ stimulation
in refractory tinnitus. Several papers review the efﬁcacy of rTMS
(Kleinjung and Langguth, 2009; Londero et al., 2006; Meng et al.,
2011; Peng et al., 2012; Theodoroff and Folmer, 2013) or tDCS treat-
ments (Song et al., 2012; Vanneste and De Ridder, 2011), and results
for both remain somewhat inconsistent (Langguth et al., 2008).
Two rTMS studies reviewed here add to the controversy some-
what, as neither found daily 1 Hz rTMS to the lTPJ for either 2 or
4 weeks to be more effective than sham in tinnitus relief (Piccirillo
et al., 2011, 2013). Both studies applied dual methods of TPJ loca-
tion, using the 10–20 system with some participants, and MRI  data
with others. Also, two weeks in between active and sham condi-
tion is unlikely to be sufﬁcient as effects can endure for longer. A
further two rTMS studies reviewed herein add support for the efﬁ-
cacy of daily (5 sessions) 1 Hz rTMS to the TPJ, either ipsilateral or
contralateral to the affected ear (Kim et al., 2013, 2014). Reduced
tinnitus severity was maintained six months post treatment (Kim
et al., 2014). Method of location and/or TPJ coordinates were not
reported.
In conclusion, NTS studies point to a causal role of the lTPJ in
speech comprehension, speech production, and AHs. Connectiv-
ity between the TPJ and the DLPFC and/or M1  can be enhanced
by rTMS. The former appears inﬂuential regarding AH severity,
insight, and some negative symptoms in schizophrenia. The rTPJ
seems to have a particular role in processing words with emo-
tional content. Reports are mixed regarding the efﬁcacy of NTS
treatment of tinnitus, but the positive ﬁndings outlined here sug-
gest that ipsilateral or contralateral TPJ stimulation are equally
effective. Some common problems in the clinical literature include
the lack of neuronavigation, vague or absent descriptions of stim-
ulation sites, and infrequency of double-blind, sham controlled
trials.
3.3.3. Studies related to self, other, and bodily awareness
processing (including clinical studies into depersonalisation
disorder)
Twelve diverse studies were reviewed in this category (Table 5).
Two studies examined vestibular function. Kheradmand et al.
(2013) measured the subjective visual vertical (SVV) with a ‘verti-
cal line/graded tilt/head tilt’ task before and after 40 s of cTBS over
the rTPJ (SMGp). Following cTBS the SVV was  tilted and always
opposite to the direction of the head tilt. The authors suggests
the SMGp processes and integrates differing sensory components
– such as head position relative to gravity, eye orientation and reti-
nal input – into a common spatial reference frame in the perception
of upright. This study was well designed (sham and non-site con-
trolled), though had a relatively small sample (n = 8) with a large age
range (22–72 years). In contrast, Kyriakareli et al. (2013) used 2 mA
tDCS for 15 min  to examine vestibulo-ocular reﬂex (VOR) and self-
motion perception (SMP) thresholds in a ‘slow rotation in dark’ task.
In eight participants the anode was  placed over the rTPJ (cathode
over lTPJ), and in 9 participants the reverse was done. VOR and SMP
thresholds, both ipsilateral and contralateral, increased during, and
remained high after, tDCS. Whilst this study was sham controlled,
it was not stated if and how sham/active conditions were counter-
balanced. A further criticism is that this paradigm would also have
stimulated large (dorsal) areas of posterior parietal cortex. To rule
out inﬂuence of these areas, a control non-target montage would
need to be employed.
Two related studies assessed self-other face recognition via
a morphed-face task pre and post 20 min  of 1 Hz rTMS to the
TPJ. The ﬁrst study applied rTMS to the right and left TPJ and
DLPFC over 4 sessions one week apart (Heinisch et al., 2011a).
The video-task morphed images of famous, unfamiliar and own-
faces over six seconds. rTMS over the rTPJ reduced RTs when a
subject’s own face emerged from a familiar face. Similar effects
were reported after rTMS over rDLPFC and lTPJ when subjects’
own likeability ratings were considered. Transitioning from unfa-
miliar to own-face was  predominantly left lateralised. Heinisch
et al. (2012) conducted a similar study, though focused exclusively
on the rTPJ, and included a pre/post rTMS attention assess-
ment. More features were required to recognise famous faces
after rTPJ stimulation compared with control conditions. No effect
was reported when distinguishing between own  and unfamiliar
faces, and rTMS did not inﬂuence attention. Although this sug-
gests rTPJ involvement in facial self–other distinction, differences
between rTPJ stimulation and sham were trends only (p = .075).
No differences were found between rTPJ- and no-stimulation, and
between no- and sham-stimulation. Both studies perhaps suf-
fered from the predictability of the famous face (as opposed to
unfamiliar face), and the inter-individual differences in level of
similarity between own and famous faces. Neither study utilised
neuronavigation.
Another study exploring TPJ involvement in self-other dis-
tinction utilised an imitation-suppression paradigm (Sowden and
Catmur, 2013). Six pulses of 10 Hz rTMS were applied to the
rTPJ (and control mid-occipital site) simultaneously with cue-
onset during a task requiring switching between representations
of others’ actions on social/non-social levels, by manipulating imi-
tative/spatial compatibility. rTPJ stimulation reduced ability to
suppress imitation, but not the ability to control spatially compati-
ble responding, which the authors suggest indicates that the rTPJ’s
role in self-other representation switching may  be domain speciﬁc.
In terms of potential criticisms of this study, no sham condition was
used, only the rTPJ was  stimulated, and two left handed participants
were included.
Three studies examined the TPJ’s role in maintaining a coher-
ent sense of one’s body and/or embodiment. In a creative study





















Studies relating to self, other, and bodily awareness processing (including clinical applications).
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n Age range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure










active  site  (but  not
sham)  controlled








Talairach:  63  ±  0.6,




of the SMG,  AG,  and
STG”
rIPS  as active
control  site
(neuronavigated)








P:  none,  though
naive to aims.  E:
not  stated
Healthy  RH  female
volunteers  (2  LH)










no-rTMS  group  (no
sham condition)
Heinisch  et  al.
(2011)








P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
10  (23.9,  1.5)  5/5  Not  stated  Biphasic  rTMS
(Medtronic  MagPro
R30)
lTPJ,  rTPJ  (CP5  and
CP6)  and left  and
right  DLPFC  using
10–20 EEG  system
(not
neuronavigated)
Same  coil,  turned
around,  angled
differently,  held
between  PZ  and  OZ
Heinisch  et  al.
(2012)






study,  sham  and
no-stim  controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
10  (24.2,  2.7)  5/6  Not  stated  Biphasic  rTMS
(Medtronic  MagPro
R30)
rTPJ  (CP6),  using
the  10–20  EEG
system (not
neuronavigated)
Same  coil,  turned
around,  angled
differently,  held
between  PZ  and  OZ.
Also  a  no-stim
condition.
Papeo  et al.  (2010)  Intersensory





erTMS  study,  sham
controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
14  20–36 8/6  Not  stated  Single  pulse erTMS
(Magstim  200)
rTPJ  (Mean  MNI:
63.4,  −50.0,  22.7;
intersection of
SMG,  AG  and  STG),
neuronavigated
based on prior  MRI
data
Coil  perpendicular
to scalp  over  rTPJ
Sowden  and
Catmur  (2013)




ER  rTMS  study,
non-site  controlled
(no sham)
P:  none.  E:  not
stated
Healthy  RH
volunteers  (2  LH)
16 (26.2,  8.8)  11/5  Not  stated  ER  rTMS  trains
(Magstim  Rapid2)
rTPJ  (MNI  = 54,  −47,
26).
Neuronavigated
based on prior  fMRI
data
No  Sham.  Control
mid-occipital  (MO)
site
Tsakiris  et al. (2008)  Maintaining








P:  none.  E:  not
stated
Not  stated  (2  LH)  10  (28.6,  4)  6/4  Not  stated  Single  pulse erTMS
(2T  Magstim  200)
rTPJ  (Mean








SMG,  AG  and  STG
No  sham.  Vertex  as
control  site.
Clinical applications:  Depersonalisation  Disorder  (DD)











clinical  trial  (no
sham,  non-site  or
healthy  control
group),
P:  none.  E:  not
stated
RH  outpatients
with  DSM-IV  DD
12 (all  clinical)  (33.6,  12.9)  3/9  2  no  meds,  10
medicated  (SSRIs,
anti-convulsants)
for  ≥2 months  prior




rTPJ  or  lTPJ,
between  T4/P4  and
T3/P3  respectively,
according  to  10–20
EEG  System.
No  sham  or
non-site  control
Jay et al.  (2014)  Neurobiological
model  of DD
BS,  randomised
rTMS  study  (TPJ  as
active  control,  no
sham  condition)
P:  blind  to
hypotheses  and
predicted  effects,
but  no  sham
control.  E:  not  blind
to  site  allocation.
DSM-IV  DD,  healthy
controls
37  (17  DD,  20
control)







rTPJ  as  active
control (Talairach:
63, −37,  20);
neuronavigated
based on  MRI/TMS





















Table 5 (Continued )
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n  Age  range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure











clinical  trial  (no
sham,  non-site  or
healthy  control
group),
P:  none.  E:  not
stated
RH  outpatients
with  DSM-IV  DD
12 (all  clinical)  (33.6,  12.9)  3/9  2  no  meds,  10
medicated  (SSRIs,
anti-convulsants)
for  ≥2  months  prior




rTPJ  or  lTPJ,
between  T4/P4  and
T3/P3  respectively,
according  to  10–20
EEG  System.
No  sham  or
non-site  control
Vestibular Function







study,  non-site  and
sham  controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers











between  coil  and
scalp),  cTBS  to
adjacent  areas
Kyriakareli  et  al.
(2013)
Vestibulo-ocular







non-site  and  sham
controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers  (one  LH)







(anode  R,  n  =  8;
anode L,  n = 9);
anode,  CP6;
cathode,  CP5
Sham:  stim  on  for
10  seconds,  off  for
remainder;  control
site  (mastoid
process,  n =  2)
Paper Coil/Cathode/
Anode




Reported  effects  Adverse
effects
Blanke  et  al.
(2005)
Fo8  (70  mm)  n/a  ER  75%  MSO  Not  stated  n/a  n/a  4  (on  2  days;  2
sites  x  2 tasks)












330–400  ms  after
stimulus  onset
when  imagining
self from  OBE
perspective.  TMS  to






Cazzato  et  al.
(2014)
Fo8  (70  mm)  MEPs  of  50  mV
in ≥5  of 10
stimuli
1 Hz  90%  MT  15  min  n/a  900  3  (TPJ,  EBA,
no-TMS;
















adjusted  the  body




Heinisch  et  al.
(2011)
Fo8  (85  mm)  Visible  ﬁnger
twitch in
≥6/10  trials
1  Hz  100%  MT  20  min  n/a  1200  per
active  session
5,  each  one
week apart








rTMS  in  each
session
rTMS  to  RTPJ
decreased RT when
own  face  emerged
from  a familiar
face; similar  to
rTMS  over  rDLPFC
and  lTPJ,  when
ratings  of  likeability
considered.
Unfamiliar  to  own





Heinisch  et  al.
(2012)
Fo8  (85  mm)  Visible  ﬁnger
twitch in
≥6/10  trials

















rTMS  in  each
session
More  features
needed to  identify
famous  face  after



























Table 5 (Continued )
Paper  Coil/Cathode/
Anode




Reported  effects  Adverse
effects
Papeo  et al.
(2010)
Fo8  (70  mm)  n/a  ER 60%  MSO  pulse  duration
1 ms
n/a  One  per  trial
(350 ms post
stimuli)







Within  3  s  of
each stimulus
application
Accuracy poorer  for  digit
4  (D4)  than D3,
particularly  when
incongruent.  Post  TMS,
accuracy improved  for
D4 incongruent  trials  -










Fo8  (size  not
stated)
MEPs ≥50  v
in the  FDI
muscle  on  3 of
5  trials
10  Hz 110%  of RMT  4  min per
block
6 pulses  per
trial
3  blocks  x  36
trials each  site:
2  × 3  ×  36  ×  6 = 1296
1  RTs  and  errors






Each  trial  rTMS  over  rTPJ  reduced
ability  to control
tendency to imitate.
Ability to  control
tendency to respond  in  a




Tsakiris  et al.
(2008)
Fo8  (70  mm)  n/a  ER Based  on
individual
comfort  level
(mean =  51%;
range  38–65%
of MSO).
Not  stated  n/a  160.  One  per
trial (350  ms
after  stimuli).














TMS over  rTPJ  inﬂuenced
proprioceptive  drifts.




Clinical applications:  Depersonalisation  Disorder  (DD)
Christopeit
et al.  (2014)
Fo8  (70  mm)  “EMG-
determined.
repeated
weekly”  -  no
further
information
1  Hz  100%  of RMT  30  min  n/a  1800  per
session









No  tasks  Baseline  and
after  each
week












Not  stated  Lowest
intensity
yielding  MEPs
≥50 mV  in
5/10 trials







System  (IAPS;  16




interview  24  h
post rTMS
rTMS  to  rVLPFC
increased  electrodermal
capacity  (DD).  DD  (not
controls)  showed
increased SFs  post  rTMS.
Both rVLPFC  and rTPJ
rTMS  showed  similar







and two  felt
‘drunk-like’
after rTPJ  stim.
Mantovani
et al.  (2011)
Fo8  (70  mm)  “EMG-
determined.
repeated
weekly”  -  no
further
information
1  Hz  100%  of RMT  30  min  train  n/a  1800  per
session









No  tasks  Baseline  and
after  each
week
After  3 wks  6/12  patients
responded. Five
responders  received  3
more  wks  of  rTPJ  rTMS








et al.  (2013)
Fo8  (70  mm)  n/a  3 × 50  Hz
@ 5 Hz





Vertical  line  task  Immediately
pre/post  cTBS
In  cTBS  over  rSMGp,  SVV
was tilted  and  opposite
to head  tilt  direction.  No
tilt after  sham  or cTBS  of
nearby  areas
Reported  no
SEs  from  stim
Kyriakareli
et al.  (2013)
5  cm2 ×  2 n/a  n/a  2  mA  15  min  n/a  n/a  2 (active,











15  min  of  tDCS
VOR/SMP  threshold
increased, ipsilateral  and
contralateral,  during
tDCS.  Stayed  high  post
tDCS.  No effect  of  lTPJ  v
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stimuli relating to the spatial manipulation of bodies (or letters as
control). The mental-own-body transformation task was  intended
to align with out-of-body experiences (OBEs). Single TMS  pulses
were applied at 15 delays ranging from 100–800 ms  post-stimulus
onset. These were collapsed into groups of 100–300, 350–550,
and 600–800 ms  for analysis. Event-related potentials were also
examined in a similar task. The authors reported selective TPJ acti-
vation 330–400 ms  after stimulus onset when volunteers imagined
themselves from an ‘OBE visual perspective’. Interference with the
rTPJ via TMS  at this time impaired mental own-body transforma-
tion relative to a control site. The authors suggest that the TPJ
is critical to our sense of embodiment, our spatial unity of con-
scious self and body. Aside from a lack of sham control, the biggest
question regarding this study is how closely ‘imagining OBEs’
by performing own-body transformation tasks and putting one-
self into an abnormal perspective resembles experiencing an OBE.
Tsakiris et al. (2008) manipulated external object representation-
as-body using a variant of the rubber hand illusion. rTPJ disruption
using erTMS delivered 350 ms  post visuotactile stimulation ren-
dered body-external distinctions more ambiguous, evidence the
authors suggest indicates rTPJ involvement in multimodal inte-
gration of sensory data to maintain our sense of bodily coherence.
Concerns exist about the variance within the small sample, how-
ever, made greater by the use of MSOs ranging from 38% to 65%, both
left and right handed participants, and non-removal of an outlier.
The third study aimed to explore whether the rTPJ is more involved
in the detection or resolution of intersensory conﬂict (Papeo et al.,
2010). The rTPJ was disrupted by erTMS, also delivered 350 ms
post visuotactile stimulation, during trials utilising the mirror-box
illusion. Accuracy was worse for digit 4 (D4) than digit 3 (D3) in
the left hand, particularly in incongruent trials. Post-TMS, accuracy
improved for D4 in incongruent trials. The authors suggest that the
ﬁndings implicate the rTPJ in detection rather than resolution of
multisensory conﬂict.
Three studies applied these ﬁndings clinically in depersonalisa-
tion disorder (DD), a condition characterised by feelings of unreality
and/or detachment from self/surroundings. Two papers stemmed
from the one treatment trial. In the original trial Mantovani et al.
(2011) applied daily 1 Hz rTMS to the rTPJ of 12 outpatients with
DD for 3 weeks. Six patients responded positively. Five of these
received 3 extra weeks of stimulation, showing 68% improve-
ment in DD symptomology. Some partial/non-responders were
then treated with lTPJ stimulation without success. The authors
suggest that the rTMS efﬁcacy was due to dampening rTPJ hyper-
activity in DD. A later paper analysed this data retrospectively to
examine responses in four symptom clusters. After 6 weeks, the
ﬁve responders had reductions in anomalous body experiences
(76% improvement), alienation from surroundings (54%), emotional
numbing (52%) and anomalous subjective recall (57%). The lack of
sham control, experimenter blinding, and small sample size, mean
that these results can only be taken as preliminary. In a study with
a healthy control group (but no sham or researcher blinding), Jay
et al. (2014) used 1 Hz rTMS (15 min, 900 pulses), applied to the
rVLPFC or rTPJ, in order to examine the effects on DD symptoms
and skin conductance capacity in response to neutral or emotion-
inducing images. In patients with DD, rTMS to rVLPFC increased
electrodermal capacity. Patients who had either rVLPFC or rTPJ
rTMS showed a similar reduction in DD symptoms. This again sug-
gests a link between TPJ activity and TPJ-frontal-lobe connectivity
and psychopathology (similar to schizophrenia).
Finally, one study explored the potential relevance of the TPJ
to the types of body image distortions commonly observed in
eating disorders. Cazzato et al. (2014) used 1 Hz rTMS over the
right extrastriate body area (rEBA) and rTPJ, before healthy women
performed size-readjustments on images of their own or other’s
bodies (from subjective or intersubjective perspectives). Whereas
rEBA stimulation increased underestimation bias from the allocen-
tric perspective, rTPJ interference increased underestimation bias
when adjustments were being made to the body of another only.
No modulation was  observed for object size estimation, or in the
no-TMS condition. The authors therefore suggest that the rTPJ has
a role in the representation of the bodies of others, a role which
may  be implicated in perceptual biases relevant to eating disor-
ders. One methodological concern in this study, however, was  the
limited time gap between conditions. rEBA and rTPJ stimulation
(as well as the no-rTMS condition) were conducted in one session,
at least 60 min  apart. Although they were counterbalanced, and the
interval should minimise ﬂow-on effects, sessions on different days
would have been preferable.
In conclusion, evidence from NTS studies suggest a causal
role for the TPJ in vestibular function, differentiation of own-
face from familiar faces, suppression of automatic imitation, sense
of embodiment, and representation of others’ bodies. Regarding
embodiment-related processing, two  further studies following
Blanke et al. (2005) ﬁnd erTMS to be disruptive at approximately
350 ms  post stimulus onset. Most studies focus on the rTPJ. This is
also the focus for rTMS treatment interventions in depersonalisa-
tion disorder. Initial results are promising but very preliminary.
3.3.4. Studies related to social cognition
Eight studies were reviewed in this category (Table 6). Although
diverse, most explore the use and attribution of mental states (men-
talising) in different contexts. Two studies examined the role of the
rTPJ in moral judgments (MJs). Young et al. (2010) used TMS  to
disrupt rTPJ activity transiently before (experiment 1, ofﬂine) or
during MJ  (experiment 2, online, 10 Hz for 500 ms  concurrent with
the onset of each MJ  question). rTPJ disruption (compared to control
site) was  associated with less dependence on actor’s mental states
during MJ,  and attempted harms were judged to be more morally
permissible. That rTPJ stimulation did not affect MJs  around inten-
tional harms raises interesting questions about the speciﬁcity of rTPJ
involvement in MJ.  Contributing to this question further, Jeurissen
et al. (2014) examined MJs  in impersonal and personal dilemmas
while disrupting either the rTPJ or rDLPFC with triple-pulse erTMS
(pulses spaced 150 ms  apart, ﬁrst pulse applied after 1.5, 2, 2.5,
or 3 s after onset of MJ  question). Disruption of the rTPJ affected
only impersonal MJs  (where the person is more emotionally distant
from events and makes more utilitarian judgments), whereas dis-
ruption of the rDLPFC affected only personal MJs  (which are more
emotionally immediate and less ‘cognitive’). TMS applied 2.5 s post
question was  only signiﬁcant time chronometrically. These ﬁnd-
ings suggest a role for the rTPJ in the cognitive reasoning processes
associated with less emotionally-inﬂuenced MJs. In terms of crit-
icisms, neither of these studies employed a sham condition, and
possible cultural/educational confounds do not seem to be consid-
ered (which may  inﬂuence the way a written moral dilemma is
viewed and processed).
Two further studies are relevant to both MJs and mentalising.
Baumgartner et al. (2013) reported that rTMS disruption of the
rTPJ (but not lTPJ) decreased parochial (outgroup) punishment in a
third-party punishment scenario. A mediation analysis suggested
that the motivation of retaliation is the key mediator, and the
authors suggest rTPJ disruption might inﬂuence perspective-taking
and therefore retaliatory parochialism. Giardina et al. (2011) also
used inhibitory rTMS, though applied to both lTPJ and rTPJ (and
control site) in a task involving social-conﬂict scenarios and inten-
tion attribution. rTPJ disruption tended to increase hostile intention
attribution, whereas lTPJ disruption tended to increase attribution
of non-hostile intentionality. Whilst these ﬁndings are compelling,
both studies had limitations. Baumgartner et al. (2013) did not
report on handedness or sham methodology, and both studies can-





















Studies relating to social cognition.




Participants  n Age  range
(M, SD)
Gender  (F/M)  Medication  Stimulation
procedure




















36  (24.3,  4.2)  0/36  Not  stated  rTMS  (Magstim
Rapid)
rTPJ  (MNI  = 57,  −60,
30) or lTPJ
(MNI =  −45,  −60,
21).
Neuronavigated


















11  (22.5,  3) 6/5 Not  stated  rTMS  (Magstim
Rapid)




coordinates  = 48,
−55, 26).
Neuronavigated





Giardina  et al.
(2011)













14  (22,  3) 11/3  Not  stated  rTMS  (Magstim
Rapid2)
rTPJ  (MNI  = 48,  −55,
26); lTPJ
(MNI  =  −48,  −55,
26).
Neuronavigated
based  on prior
study
Medial  occipital
control  site:  Oz  site
of 10–20  EEG
system. No  sham
















(M  = 23.7)
9/8  Not  stated  Triple  pulse  erTMS
(Magstim  Rapid)
rDLPFC  or  rTPJ







condition  (each  site
acting  as an  active
control  for  the
other)
Kelly  et al. (2014)  Attributing  awareness











volunteers  (one  LH)
18 (fMRI  and  TMS)  18–45  7/11  Not  stated  Single  pulse  erTMS
(Magstim  200)
lTPJ
(Talairach  = −44,
−65,  45);  rTPJ  (50,
−65, 36).
Neuronavigated,
based  on peak  fMRI
activation
Coils  shifted  2  cm
anterior  from
lTPJ/rTPJ  sites.  No
sham









1. Healthy  RH
volunteers.  2.
Details  not stated
1.  8.  2. 12  1. 18–30;
2. 18–30




rTPJ  (MNI  tem-
plate: 1.  60,  −54,
34;  2.  52,  −52,  28),
neuronavigated
based on peak  fMRI
activity
Control  region  5  cm
posterior  to the  rTPJ
on the  axial  plane
(plus no-TMS
control).  No  sham















24/25  Not  stated  Constant  current
tDCS  (ofﬂine;  brand
not  stated)
rTPJ  (CP6,  according




Sham:  identical  to
anodal  group,  but
stimulator  only  on
for 15  s







TPJ  as  active-site












1. 6/9;  2.  7/8;  3. 8/7  Not  stated  1.  Single-pulse
erTMS;  rTMS  (2  and
3).  Magstim  Rapid2
1.  lM1  (FDI optimal
scalp position);  2.
lIFC
3.  lTPJ
(Talairach  = −63,
−44, 22).
Neuronavigated
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Paper  Coil/Cathode/
Anode




Reported  effects  Adverse
effects
Baumgartner
et  al.  (2013)




















weeks  prior  to
rTMS),  then
post  rTMS
Disruption  of  rTPJ,  but
not lTPJ,  reduced
parochial  punishment.
This  is  mediated  by
retaliation  (motive).
No  serious  AEs
or scalp  pain,
neck pain,
headache
Costa  et  al.
(2008)
Fo8  (70  mm) Not  stated 1  Hz  90%  of  RMT  15  min  n/a  Not  stated  5  (Sham,  4
active  sites)







False  beliefs:  rTMS  over
rDLPFC  and  rTPJ
interfered  with  RTs.
rTMS  over  right/left
DLPFC  and  rTPJ  also
reduced  accuracy  in




Giardina  et  al.
(2011)




1 Hz  90%  of  RMT  Not  stated  n/a  600  per
session


















Jeurissen  et  al.
(2014)
Fo8  (size  not
stated)
n/a  ER  70%  MSO  Not  stated  n/a  192  (3
pulses/trial,  64
trials)







Post  TMS  TMS  did  not  affect  RTs.
rDLPFC  disruption
during decision  affects
moral-personal
judgment,  while  rTPJ





Kelly  et  al.
(2014)
2  ×  Fo8  (size
not  stated)
n/a  ER  70%  MSO  Not  stated  n/a  One  per  trial,
0.2  s  after
target  dot

















lTPJ,  rTPJ  TMS:  visual
neglect,  detection  of
visual stimuli  affected.
Control  sites,  no  effect
on visual  detection.  .
4 subjects,





Young  et  al.
(2010)
Fo8  (70  mm)  n/a  1. 1  Hz;  2.
10  Hz
1.  70%  MSO  2.
60%  MSO
1.  25  min.  2.
500 ms  per
burst
n/a n/a  1. 2  (rTPJ,













TMS to  rTPJ:  rely  less  on
the actor’s  mental  states;
judge  attempted  harms
as less  morally  forbidden





et  al.  (2012)



















After  tDCS  Anodal  stimulation
improved  on-line




while  not  affecting





Tidoni  et  al.
(2013)
Fo8  (70  mm)  Lowest
intensity
evoking  5/10
MEPs  ≥50  V
6  Hz  (Exp  2
and  3)
1.  120%  of
RMT;  2.  90%  of
RMT;  3.  90%  of
RMT
2  s  per  train  (2
and  3)
ER  12  per  trial  1. One;  2.  Two
(20  min  apart)
1. MEPs  in rFDI
and rFCR;  2
and  3.
Sensitivity
index to  FAD









No change  in  FAD  task
performance  after
virtual  lesions  to  LTPJ
(control  site).
No  discomfort
or  AEs  during
TMS
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(such as attention) inﬂuencing results. In particular, stimulation of
the control site (‘medial occipital region’) may  inﬂuence response
times also, a point the authors are aware of. Giardina et al. (2011)
also do not specify how far apart the three stimulation sessions
were, so it is unclear if the ‘washout’ period is satisfactory.
Using more traditional mentalising tasks, two  studies also
explored mental state attribution. Costa et al. (2008) used rTMS
to explore mentalising (via false-belief and faux-pas tasks) after
left or right DLPFC and TPJ disruption. Compared to sham, rTMS to
rTPJ or rDLPFC affected false-belief response times, whereas disrup-
tion of lDLPFC, rDLPFC, and rTPJ reduced perspective-taking ability
in faux-pas tasks. Whilst the authors conclude that this is consis-
tent with prior evidence implicating these regions in mentalising,
others have questioned the complexity of items in the false-belief
tasks, suggesting that speciﬁcity of effects are not clear (Perner and
Leekam, 2008; Sowden and Catmur, 2013). Kelly et al. (2014) used a
two step process, whereby the ﬁrst step located peak fMRI activity
during awareness attribution to cartoon faces. The selected regions
(lTPJ, rTPJ) were then transiently disrupted via erTMS (single pulse
presented 200 ms  post-onset of the target dot), while participants
performed a left versus right visual ﬁeld detection task. Participants
in lTPJ or rTPJ (and not control site conditions) displayed partial
visual neglect. In contrast to prominent theories (that mentalising
and attention streams are either separate or opposing/suppressing
processes in the TPJ), the authors propose a model whereby atten-
tion, neglect, and mental-state attribution overlap physically and
functionally, and awareness of self and other are modelled forms of
meta-attention. This is perhaps speculative given the nature of the
study, which links fMRI data on one task with TMS-inﬂuenced data
on a very different task. TMS  also occurred 1–8 weeks after fMRI,
with 50 fMRI participants reduced to 18 for TMS. Of these 18, the
TPJ was stimulated in 13 and the control site in 14. The reasons for
this attrition rate and condition overlap are not clear.
In a study examining deceptive action recognition, the lTPJ was
used as an active control site (Tidoni et al., 2013). erTMS (delivered
when the actor’s hand touches the cube in each video) and rTMS-
induced transient lesions were used to assess inﬂuence on faked-
action discrimination (FAD) task performance. TMS  to the lIFC (but
not to the lTPJ) reduced FAD task performance. The authors use
this ﬁnding to argue that the action observation network has a role
in detection of deceit via bodily movement that is discrete from
mentalising networks.
The ﬁnal and only tDCS study in this section is also the
only study in this review that aims to enhance or facilitate
social cognition in an extended manner, and is therefore of
particular interest. Santiesteban et al. (2012a) applied anodal,
cathodal or sham stimulation to the rTPJ before three tasks
were performed (imitation suppression, perspective-taking, self-
referential). Anodal tDCS enhanced self-other representation
control (imitation, perspective-taking), and did not affect men-
talising in the self-referential task lacking this requirement. The
authors suggest tDCS may  be an effective tool in social cognition
improvement in clinical populations. This study was  not without
limitations, however. Firstly, it did not employ neuronavigation,
and with 35 cm2 electrodes, the question of focality and speciﬁcity
of effects is a valid concern. Also, in the control of imitation task,
the signiﬁcant difference only occurred between anodal and cath-
odal stimulation (and not between anodal and sham stimulation).
Despite this, the ﬁndings show promise, and improved method-
ology (such as the use of HDtDCS) could add to conﬁdence in the
likely beneﬁts of such interventions.
In conclusion, evidence from NTS studies implicate the TPJ in
certain aspects of social moral judgement, hostile intention attri-
bution and out-group punishment, false-belief and faux-pas task
performance (mentalising), and imitation suppression. In many
cases both the lTPJ and rTPJ were stimulated, and in some cases both
hemispheres were involved, albeit in different ways. Stimulation
sites tended to be more posterior than attention or self/other stud-
ies, and focusing on the AG (Fig. 4). Also, several studies stimulated
a site more dorsal than prior studies might have indicated.
4. Conclusion
Although the broad range of goals and methodologies in the
studies reviewed here resist a straightforward synthesis, several
important themes emerge. Regarding methodology, it is encour-
aging to observe the diverse and creative range of techniques
employed to probe or harness TPJ functionality. However, some
common limitations hamper progress in terms of delineating the
speciﬁc roles of the TPJ, functional streams within the TPJ, its
broader functional connectivity, and appropriateness of clinical
stimulation protocols. Of particular importance is the range of
coordinates targeted (Fig. 4) and methods of locating stimulation
sites. Many studies do not employ individualised neuronavigation
techniques, or report on stimulation sites with satisfactory clarity
(particularly clinical studies). Given the inter-individual variation
in TPJ location and structure, and the potential parcellation of func-
tional streams within the TPJ itself, this is no longer adequate. This is
certainly true for TMS  studies, and will also be increasingly impor-
tant in more focalised direct current techniques such as HD-tDCS.
Studies examining attention or visual processing tended to tar-
get the SMG  or the SMG-AG border, which have been associated
with target detection and reorienting (Kubit and Jack, 2013). Lan-
guage/auditory or self/other processing studies stimulated similar
or slightly more posterior sites. Social cognition studies stimulated
more posterior sites focusing on the AG, at times more dorsally than
previous studies might have indicated.
Another limitation is the lack of studies assessing the broader
distributed effects of TPJ stimulation, both in terms of neuro-
physiology and behavioural outcomes. To redress this in part,
using neurophysiological or imaging techniques either concur-
rently or pre-post stimulation should be a priority. Similarly,
assessing non-target cognitive domains should be considered
where possible. Particularly when considering longer-term stimu-
lation paradigms in clinical populations, it is important to be aware
of potential collateral cognitive losses if they exist. A ﬁnal con-
sideration is the use of MSO  or RMTs for deﬁning TMS  intensity.
Most studies in the present review used RMTs. This is preferable
given the superior individualisation of the method, but it is also
acknowledged that further work examining the neurophysiological
impacts of the different methods (and of tDCS intensities and
montages) on underlying (and surrounding) TPJ cortical tissue is
required.
The studies reviewed provide evidence for causal involve-
ment of the TPJ in a range of processes and pathologies,
conﬁrming many of the suggestions made in imaging and lesion
studies. This includes a range of attentional processes (such
as manual IOR for right-sided targets, exogenous reorienting,
neglect, Gestalt perception, gravity-related motion perception,
interception-relevant timing, and optokinesis), speech comprehen-
sion and production, self/other/body processing (such as vestibular
function, differentiation of own/familiar faces, imitation suppres-
sion, embodiment, and representation of others’ bodies), and social
cognition (such as moral judgement, in versus outgroup inten-
tion attribution, and mentalising tasks). With the exception of
speech/language/auditory processing, much research focuses on
the rTPJ, however, a range of functions also involve lTPJ or bilat-
eral activity. This speaks to the extraordinary variability of TPJ
function, highlighting again its critical functional position at the
conﬂuence of multiple sensory streams, and its multimodal integra-
tive role. Questions remain, however, concerning its status as single
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anatomical unit with a common functional role. There are perhaps
three main theoretical perspectives on this question:
1. The TPJ is a uniﬁed anatomical unit carrying out a common func-
tion. This position may  emphasise the primacy of social cognition
(Saxe and Wexler, 2005), attention (Mitchell, 2008), or suggest
that social cognition is a ‘higher-form’ output of ‘lower level’
attentional processes and multisensory testing of internal pre-
dictions (Decety and Lamm,  2007).
2. The TPJ contains functionally discrete areas for social cognition
and attentional processes (Scholz et al., 2009).
3. The TPJ contains both functionally discrete and functionally
integrated/overlapping regions. Structural and functional con-
nectivity analyses tend to identify two or three TPJ subregions
(Kubit and Jack, 2013; Mars et al., 2012). The nexus model
of Carter and Huettel (2013) suggests that various processing
streams (social, attention, memory, language, sensory) converge
at a certain area within the TPJ to establish a social context,
or a decision situation involving another agent and one’s own
response. An alternative perspective proposes a posterior social
cognition subregion (mainly AG), an anterior target detection
subregion (mainly SMG), with a locus for ‘reorienting’ in between
(Kubit and Jack, 2013). In this model, though the two  main
subregions are partially functionally separate, they are mutu-
ally inhibitory, and mediated by the intermediate ‘reorientation’
locus. If maintenance of externally-oriented attention in non-
social tasks (increased SMG  activity) is broken (increased activity
in intermediate locus associated with reorientation of attention),
this reduces suppression of the social subregion which is also
associated with the default mode network (DMN; increased AG
activity). The DMN  is a hypothesised network mainly active dur-
ing inwardly focused tasks such as thinking about the past or
future or conceiving others’ perspectives (Buckner et al., 2008).
Due in part to the reported limitations of prior studies, the
present review cannot make a strong contribution to this the-
oretical debate. More targeted and focal TPJ stimulation studies
with carefully selected social and attentional tasks, combined with
concurrent (high temporal resolution) ﬁne-grained imaging or neu-
rophysiological data would be required to begin to unravel these
propositions. However, some trends can be identiﬁed, and com-
ments made. First, the fact that stimulating a range of sites within
a deﬁned area (TPJ) can inﬂuence performance in myriad tasks sug-
gests the likelihood of at least some level of functional overlap. This
is supported by the only study reviewed that explicitly examined
both attention and social cognition (Kelly et al., 2014). As evi-
dence elsewhere also suggests some level of functional/structural
parcellation within the TPJ (Mars et al., 2012), perspective 3 is
perhaps slightly favoured. Second, the relationship between atten-
tional reorienting and self-other processing/distinction may  prove
to be critical in understanding higher-level TPJ function. When one
considers what might be happening cognitively during mentalis-
ing, numerous higher- and lower-order processes need to be taking
place concurrently. We  need to process tremendous amounts of
raw sensory data (tone of voice, semantics, body language, facial
expression) as well as integrate this with top-down inputs (for
example predictions based on prior experience of a person’s per-
sonality), and rapidly switch between relevant representations of
our own mental/emotional state and that hypothesised for the
other. The TPJ is ideally located and functionally connected to
perform such a unique constellation of tasks. Furthermore, the
‘reorienting’ locus spatially intermediate between the target detec-
tion and social subregions of the TPJ may  be responsible for
orienting attention to salient internal cues as well as external
cues (Kubit and Jack, 2013), and in this way may  also mediate
self/other attributions. In this context, thinking about the way
others think is based on an externalisation of our interoceptive and
reﬂective capacities. Such an explanation is also consistent with
the fact that self/other processing targets are generally intermedi-
ate to social/attention task targets (Fig. 4), and with ﬁndings such as
symptom relief in depersonalisation disorder, improved insight in
schizophrenia, and the link between attributing awareness to self
and others (Kelly et al., 2014). Finally, it is worth noting the rele-
vance of social brain theory. Of cortical areas that have increased in
size at a greater rate in humans than non-human primates, regions
involved in mentalising – including the TPJ – feature heavily (Lewis
et al., 2011; Powell et al., 2012; Rushworth et al., 2009). Volumes
tend to be greater in those with a larger social network. Whilst this
does not resolve the question of whether social cognition is a pri-
mary or secondary TPJ function, the conclusion that its evolution
is linked to social complexity and introspective metacognition is
difﬁcult to avoid.
Regarding clinical applications, signiﬁcant bodies of work link
left posterior temporoparietal regions to auditory hallucinations
and tinnitus (the exact stimulation sites are often unclear, how-
ever). Evidence for rTMS treatment in the former seems more
consistent, and connectivity between the TPJ and the DLPFC appears
inﬂuential in this regard (insight, and some negative symptoms
in schizophrenia may  also be improved). Reports are more mixed
regarding the efﬁcacy of TMS/tDCS treatment of tinnitus, but pos-
itive ﬁndings reviewed here suggest ipsilateral and contralateral
(to affected ear) TPJ stimulation are equally effective. The rTPJ is
the focus for three rTMS treatment intervention papers in deper-
sonalisation disorder (two used the same data set). Results are
promising but very preliminary. Other potential clinical applica-
tions remain speculative. One study found rTPJ involvement in body
image underestimation bias when assessing others’ bodies, creat-
ing a possible link between TPJ function and body-image distortion
in eating disorders. No studies explored potential applicability to
attention deﬁcit disorders, even though the rTPJ appears critical
in exogenous attentional reorienting. Several studies explored and
found links between TPJ function and social cognition, in a range
of tasks known to be challenging in clinical groups such as ASD.
Despite this, and despite evidence that the TPJ is implicated in ASD
(Kana et al., 2014; Lombardo et al., 2011), no studies have exam-
ined the potential effects of TPJ modulation in ASD. These remain
important directions for future research.
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Studies related to attention or visual processing  4 
 Reorienting/capture   2 
  Spatial/neglect     1 
  Integration     1 
      
Studies related to speech, language, and auditory processing  7 
 Verbal reality monitoring   1 
  Auditory hallucinations (schizophrenia)    4 
  Tinnitus      3 
      
Studies related to self, other, and bodily awareness processing  11 
     
Studies related to mentalising or relevant sub‐domains of social cognition  12 
 Mentalising     7 
  Cognitive empathy     2 
  Affective empathy     2 
  Autism      1 
  False belief or lie/deception   2 
  Morality/beliefs     4 
  Perspective taking     3 
  Humour      1 
      
Other      2 
 Memory      1 
  Insight/divergent thinking   1 
      
tDCS (total)     19 
     





























































































































































































































































































































































































































































































































































































Variable  Sham (n = 18)  Cathodal (n = 18)  Anodal (n =17)  ANOVA statistics 
(Cramer's V for Sex)
 
M  SD M SD M SD F  p
Age  26.5  6.6 24.4 4.4 24.3 5.4 0.90  .41
Years of education  17  2.6 17.3 2.6 17.4 3.4 0.10  .91
Time of day tested  11:34  2.6 11:52 2.6 11:00 2.4 0.20  .82
EHI  0.88  0.2 0.83 0.2 0.85 0.2 0.24  .79
AQ  12.9  7.1 12.4 5.6 13.6 6.8 0.14  .87



































































































































































































































Maximum Peak (uV) ‐ ANOVA results     Maximum Peak (uV) ‐ Means, error        
    
F  p  Partial Eta 










0.876  .423  .035  Cathodal  18  ‐3.647  0.473  ‐4.739  0.685 
 
time*hemisphere*condition  4.509  .016  .155    Anodal  17  ‐4.618  0.675  ‐5.069  0.524 
   condition     0.414  .663  .017 
P7 
Sham  17  ‐4.213  0.533  ‐3.557  0.467 
    
   Cathodal  18  ‐3.249  0.376  ‐3.840  0.585 








Maximum Peak (uV) ‐ ANOVA results  Maximum Peak (uV) ‐ Means, error 
 
F  p  Partial Eta 
Squared        n  M (Pre)  SD (Pre)  M (Post)  SD (Post) 
 
        
Sham 
time    0.408 .532 0.025  
Sham 
P8 17 ‐3.192 1.971 ‐4.237 2.025 
hemisphere    0.143 .710 0.009   P7 17 ‐4.213 2.215 ‐3.557 1.925 
time* hemisphere    8.888 .009 .357  
 
    
            
Cathodal 
time    5.785 .028 .254  
Cathodal 
P8 18 ‐3.647 2.008 ‐4.739 2.908 
hemisphere    1.786 .199 .095   P7 18 ‐3.249 1.597 ‐3.840 2.482 
time* hemisphere    1.280 .274 .070          
   
Anodal 
time    2.678 .121 .143  
Anodal 
P8 17 ‐4.618 2.783 ‐5.069 2.162 
hemisphere    1.744 .205 .098   P7 17 ‐3.239 2.438 ‐4.176 2.632 
time* hemisphere    .880 .362 .052  
 


















































Latency (ms) ‐ ANOVA results     Latency (ms) ‐ Means, error        
    
F  p  Partial Eta 
Squared  n  M (Pre)  SE  (Pre)  M (Post)  SE (Post) 
 
time    2.509  .120  0.050   
 
Sham  17  408.51  6.42  393.61  11.05 
 
time*   condition    3.189  .050  0.117    Cathodal  17  394.84  2.87  375.06  9.50 












































































Condition  n     P8 (uV)  P7 (uV)  P8 (latency, ms)  P7 (latency, ms) 
Sham  17 
Correlation  0.228  ‐0.022  ‐0.018  ‐0.207 
p .379  .933  .944  .425 
N 17  17  17  17 
Cathodal  18 
Correlation  0.112  0.135  ‐0.137  ‐0.075 
p .660  .593  .587  .766 
N 18  18  18  18 
Anodal  17 
Correlation  0.461  ‐0.208  .712**  0.253 
p .063  .422  .001  .326 



























































































































































































































































































































































































































































































































































































































Migraine  0  1  4  Brief, to "right part of brain", continued testing. 
Scalp pain  8  2  1 to 5  "Pinching", "pins and needles", "burning" 
Face pain  1  0  3  Left side of face "behind eye" 
Ear pain  0  0 
Neck pain  1  0  2  "Stiff muscles", not sure if from stimulation 
Shoulder pain  0  0 
Body pain  0  0 
Numbness  2  0  1 to 2  "From inactivity" 


















Skin rash/burn  1  0  3  On forehead (from EEG electrode tape, not stimulation) 
Thinking difficulties  1  0  3  Due to "itchy scalp" being "irritating" 
Speaking difficulties  0  0 




Itching  17  2  1 to 4  Mostly "tickling" or "itching" 














      F  p  Partial Eta Squared          n  M (Pre)  SD (Pre)  M (Post)  SD (Post) 
 
time    10.584  .002  .175      Sham  18  1.093  0.073  1.105  0.045 
 
time*condition  1.009  .372  .039      Cathodal  18  1.095  0.049  1.106  0.052 
  




























    F  p 
Partial Eta 
Squared  n  M (Pre)  SD (Pre)  M (Post)  SD (Post) 
  time  0.043  .836 .001 Sham 18 ‐0.128 0.050 ‐0.118 0.051 
  time*condition 0.096  .909 .004 Cathodal 18 ‐0.111 0.044 ‐0.109 0.051 
 
time*motion* 
condition  1.842  .169  .069       Anodal  17  ‐0.104  0.028  ‐0.106  0.048 
   condition 1.789  .178 .067  
      Accuracy Percent (LG10) ‐ Means, error (static)
      n  M (Pre)  SD (Pre)    M (Post)  SD (Post) 
      Sham 18 ‐0.129 0.050 ‐0.141 0.062 
      Cathodal 18 ‐0.114 0.055 ‐0.107 0.059 






    F  p 
Partial Eta 
Squared  n  M (Pre)  SD (Pre)   M (Post)  SD (Post) 
  time  35.295  <.001  .414  Sham  18  3.176  0.110  3.136  0.127 
  time*condition  0.735  .485  .029  Cathodal  18  3.273  0.129  3.197  0.142 
 
time*motion*    
condition  1.188  .313  .045     Anodal  17  3.323  0.132  3.261  0.134 
   condition     6.587  .003  .209   
      Response Time (ms; LG10) ‐ Means, error (static) 
      n  M (Pre)   SD (Pre)   M (Post)  SD (Post) 
      Sham  18  3.057  0.136  3.007  0.136 
      Cathodal  18  3.208  0.183  3.139  0.168 
















         3.731  .031     Sham  18  ‐0.611  0.397 
      Cathodal  18  ‐0.500  0.336 







      3.432  .040  Sham  18  ‐57.727  72.658 
      Cathodal  18  ‐238.079  114.339 











         1.275  .288     Sham  18  ‐0.111  0.361 
     
Cathodal  18  0.722  0.403 
        







         .774  .466     Sham  18  ‐139.481  85.576 
     
Cathodal  18  ‐298.713  112.547 













































  68.979  <.001  .585 
Sham       
(n = 18) 
S > O  38.724  11.826  44.715  10.713 





.665  .757  .026  O > S  31.349  13.027  39.178  15.145 
   condition     .270  .765  .011  O > F  29.621  12.003  36.625  15.643 
            F > S  34.283  13.697  41.599  13.252 
            F > O  33.899  11.884  41.490  13.710                
           
Cathodal    
(n = 18) 
S > O  42.054  11.419  46.223  10.372 
            S > F  40.766  8.591  45.431  8.296 
            O > S  34.594  11.094  39.195  11.776 
 
            O > F  34.348  9.910  38.754  10.081 
           
  F > S  37.248  11.409  43.400  11.692 
 
        F > O  34.659  11.883  42.894  11.034 
           
 
       
Anodal     
(n = 16) 
S > O  42.215  11.637  46.617  10.910 
 
      S > F  39.625  15.393  44.121  12.148 
 
      O > S  32.175  17.613  37.889  14.473 
 
      O > F  34.109  15.899  38.392  13.910 
 
      F > S  34.783  15.456  39.447  15.726 
  


















N   M (Pre)  SD (Pre)   M (Post)  SD (Post) 
  time 
  26.102  <.001  .348 
P8 
Sham  17  1.560  0.642  2.102  0.503 
  time*condition 
  2.346  .106  .087  Cathodal  18  1.480  0.630  1.987  0.488 
 
time*hemisphere*condition  0.297  .744  .012    Anodal  17  1.705  0.855  1.994  0.886 
   condition     0.148  .863  .006 
P7 
Sham  17  1.810  0.528  1.879  0.600 
     
      Cathodal  18  1.805  0.327  1.995  0.423 











    Chi‐Square  df  p        n  Mean Rank  Median  Range 
 
P8    4.636  2  .098 
P8 
Sham  17  20.06  ‐3.00  (‐83, 53) 
   P7     .572  2  .751  Cathodal  18  29.97  0.00  (‐60, 94) 
 




Sham  17  28.71  0.00  (‐100, 62) 
 
    Cathodal  18  25.14  0.00  (‐96, 78) 
  












    Chi‐Square  df  p        n  Mean Rank   Median  Range 
  P8 
  0.751  2  .687 
P8 
Sham  17  27.21  ‐3.00  (‐89, 87) 
   P7     .118  2  .943  Cathodal  18  28.22  0.00  (‐94, 60) 
 





Sham  17  27.21  ‐2.00  (‐56, 57) 
 
 
  Cathodal  18  28.22  ‐1.00  (‐100, 61) 
  










Maximum Peak (uV) ‐ ANOVA results     Maximum Peak (uV) ‐ Means, error        
   




time    0.756  .389  0.016   
 
Sham  17  2.302  2.921  2.705  2.837 
 
time*   
condition    0.072  .930  0.003    Cathodal  17  2.317  3.857  2.755  4.466 
  





















         Pre     Post  F  p 
Partial 
Eta 
Squared   n  M  SD  M  SD 
Delta 
time  623.154  <.001  0.926 
rTPJ 
(Delta) 
Sham  18  ‐1.439  0.321  ‐1.492  0.321  time*condition  0.022  .978  0.001 
Cathodal  18  ‐1.352  0.334    ‐1.361  0.369  time*hemisphere*condition    0.494  .613  0.019 
Anodal  17  ‐1.205  0.335  ‐1.304  0.386  condition     2.548  .088  0.092 
     
lTPJ (Delta) 
Sham  18  ‐1.453  0.376  0.536  0.225 
Cathodal  18  ‐1.344  0.295  0.608  0.173 
Anodal  17  ‐1.298  0.362  0.707  0.243      
rTPJ 
(Theta) 






Cathodal  18  ‐1.494  0.318  ‐1.287  0.347 
Theta 
time  39.783  <.001  0.443 
Anodal  17  ‐1.391  0.283  ‐1.255  0.296  time*condition  0.382  .684  0.015 
                time*hemisphere*condition    1.185  .314  0.045 
lTPJ 
(Theta) 
Sham  18  ‐1.421  0.421  ‐1.178  0.384  condition     0.922  .405  0.036 
Cathodal  18  ‐1.346  0.391  ‐1.149  0.407 






         Pre     Post       
    n  M  SD    M  SD   
rTPJ 
(Alpha) 
Sham  18  ‐1.030  0.611    ‐1.191  0.558 
        
F  p  Partial Eta Squared 
Cathodal  18  ‐1.115  0.543    ‐1.090  0.420 
Alpha 
time  0.537  .467  0.011 
Anodal  17  ‐0.953  0.409    ‐0.967  0.347  time*condition  0.430  .653  0.017 
                time*hemisphere*condition    1.708  .192  0.064 
lTPJ (Alpha) 
Sham  18  ‐1.044  0.516    ‐1.052  0.479  condition     0.504  .607  0.020 
Cathodal  18  ‐1.056  0.609    ‐1.121  0.468 




















         Pre     Post 
        
F  p  Partial Eta Squared 
      M  SE    M  SE  Beta  time    0.404  0.528  0.008 
rTPJ 
(beta) 
Sham  18  ‐1.828  0.067    ‐1.832  0.073   time*condition    0.439  0.647  0.017 
Cathodal  18  ‐1.929  0.072    ‐1.905  0.076   time*hemisphere*condition  3.691  0.032  0.129 
Anodal  17  ‐1.796  0.065    ‐1.772  0.061    condition     1.131  0.331  0.043 




Sham  18  ‐1.832  0.056    ‐1.725  0.068  
Cathodal  18  ‐1.871  0.069    ‐1.915  0.067  































































Power, frontal electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed)    
 
 Pre  Post  F  p  Partial Eta Squared 
  n  M  SD  M  SD 
Delta 
time  1.024  0.316  0.020 
Delta 
Sham  18  ‐1.190  0.327  ‐1.185  0.377  time*condition  0.233  0.793  0.009 
Cathodal  18  ‐1.071  0.384  ‐1.006  0.332 
condition     3.073  0.055  0.109 
Anodal  17  ‐1.017  0.308  ‐0.922  0.244 
  
 
      




Sham  18  ‐1.241  0.314  ‐1.216  0.340 
Theta 
time  13.770  0.001  0.216 
Cathodal  18  ‐1.232  0.297  ‐1.014  0.301  time*condition  2.599  0.084  0.094 
Anodal  17  ‐1.147  0.313  ‐0.994  0.238  condition     1.525  0.228  0.057    
 
      




Sham  18  ‐1.168  0.491  ‐1.214  0.452 
Alpha  time  1.882  0.176  0.036 Cathodal  18  ‐1.092  0.399  ‐1.047  0.417  time*condition  2.218  0.119  0.081 
Anodal  17  ‐1.130  0.418  ‐0.945  0.381  condition     0.742  0.481  0.029    
 
      




Sham  18  ‐1.862  0.273  ‐1.837  0.263 
Beta 
time  0.016  0.901  0.000 
Cathodal  18  ‐1.871  0.284  ‐1.866  0.237  time*condition  0.518  0.599  0.020 






    Pre  Post  F  p  Partial Eta Squared 
  n  M  SD  M  SD 
Delta 
time  0.035  0.852  0.001 
Delta 
Sham  18  ‐1.274  0.291  ‐1.330  0.289  time*condition  0.203  0.817  0.008 
Cathodal  18  ‐1.212  0.336  ‐1.187  0.310  condition     2.556  0.088  0.093 
Anodal  17  ‐1.116  0.299  ‐1.116  0.339 
  
       F  p  Partial Eta Squared 
Theta 
Sham  18  ‐1.256  0.326  ‐1.255  0.283 
Theta 
time  5.889  0.019  0.105 
Cathodal  18  ‐1.222  0.360  ‐1.071  0.351  time*condition  1.537  0.225  0.058 
Anodal  17  ‐1.177  0.359  ‐1.059  0.302  condition     1.011  0.371  0.039            
        




Sham  18  ‐1.159  0.455  ‐1.189  0.400 
Alpha 
time  1.559  0.212  0.031 
Cathodal  18  ‐1.102  0.389  ‐1.044  0.437  time*condition  1.215  0.305  0.046 
Anodal  17  ‐1.103  0.386  ‐0.958  0.394  condition     0.676  0.513  0.026            
        




Sham  18  ‐1.842  0.257  ‐1.815  0.272 
Beta 
time  0.038  0.846  0.001 
Cathodal  18  ‐1.861  0.285  ‐1.871  0.266  time*condition  0.408  0.647  0.016 






















         Pre     Post           n  M  SD  M  SD   
rTPJ 
(Theta) 
Sham  18  ‐1.568  0.292    ‐1.517  0.291           F  p 
Partial Eta 
Squared 
Cathodal  18  ‐1.480  0.230    ‐1.335  0.308 
Theta 
time  4.466  .040  0.084 
Anodal  16  ‐1.513  0.364    ‐1.388  0.218  time*condition  2.232  .118  0.083 
                time*hemisphere*condition    0.987  .380  0.039 
lTPJ 
(Theta) 
Sham  18  ‐1.496  0.297    ‐1.590  0.280  condition     2.105  .133  0.079 
Cathodal  18  ‐1.451  0.270    ‐1.314  0.205   
Anodal  16  ‐1.406  0.336    ‐1.358  0.202          
rTPJ 
(Alpha) 
Sham  18  ‐1.398  0.390    ‐1.381  0.417           F  p 
Partial Eta 
Squared 
Cathodal  18  ‐1.401  0.404    ‐1.202  0.496 
Alpha 
time  3.976  .052  0.075 
Anodal  16  ‐1.274  0.344    ‐1.267  0.391  time*condition  2.552  .088  0.094       time*hemisphere*condition  0.186  .831  0.008 
lTPJ 
(Alpha) 
Sham  18  ‐1.385  0.402  ‐1.387  0.327  condition     0.420  .659  0.017 
Cathodal  18  ‐1.427  0.409    ‐1.250  0.393   






         Pre     Post   
     
    n  M  SD    M  SD     
rTPJ 
(Beta) 
Sham  18  ‐1.901  0.255    ‐1.905  0.328 
        
F  p  Partial Eta Squared 
Cathodal  18  ‐2.058  0.325    ‐1.922  0.303 
Beta 
time  3.461  .069  0.066 
Anodal  16  ‐1.896  0.196    ‐1.848  0.255  time*condition  1.624  .207  0.062 
                time*hemisphere*condition  0.068  .934  0.003 
lTPJ (Beta) 
Sham  18  ‐1.944  0.264    ‐1.938  0.323  condition     0.928  .402  0.036 
Cathodal  18  ‐2.066  0.263    ‐1.930  0.304   











Power, frontal electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed)    
   
  Pre  Post 
    n  M  SD  M  SD 
 







Sham  18  ‐1.427  0.329  ‐1.341  0.345 
Alpha 
time  2.459  .123  0.048 
Cathodal  18  ‐1.318  0.409  ‐1.211  0.393  time*condition  0.226  .799  0.009 
Anodal  16  ‐1.269  0.382  ‐1.239  0.243  condition     0.947  .395  0.037          
 







Sham  18  ‐1.876  0.244  ‐1.831  0.338 
Beta 
time  0.016  .901  0.000 
Cathodal  18  ‐1.970  0.279  ‐1.817  0.284  time*condition  0.518  .599  0.020 






    Pre  Post 
  n  M  SD  M  SD 




Sham  18  ‐1.261  0.205  ‐1.306  0.308 
Theta 
time  2.737  .104  0.053 
Cathodal  18  ‐1.229  0.267  ‐1.075  0.269  time*condition  2.320  .109  0.086 
Anodal  16  ‐1.258  0.308  ‐1.173  0.247  condition     1.479  .238  0.057                 




Sham  18  ‐1.376  0.363  ‐1.303  0.355 
Alpha 
time  4.860  .032  0.090 
Cathodal  18  ‐1.299  0.364  ‐1.205  0.349 
time*condition  0.049  .952  0.002 
Anodal  16  ‐1.289  0.364  ‐1.184  0.294 
condition     0.535  .589  0.021 
                




Sham  18  ‐1.848  0.273  ‐1.813  0.326 
Beta 
time  7.782  .007  0.137 
Cathodal  18  ‐1.980  0.309  ‐1.829  0.279  time*condition  0.962  .389  0.038 











    n  M  SD    M  SD   
Delta 
time    2.732  .105  0.053 
rTPJ 
(Delta) 
Sham  18  ‐1.362  0.228    ‐1.491  0.328    time*condition    5.075  .010  0.172 
Cathodal  18  ‐1.402  0.304    ‐1.293  0.419    time*hemisphere*condition    0.476  .624  0.019 
Anodal  16  ‐1.371  0.391    ‐1.143  0.184    condition     1.955  .152  0.074 






































































Power, frontal electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed)    




    n  M  SD  M  SD   
Delta 
time    5.003  .030  0.093 
Delta 
Sham  18  ‐0.836  0.517  ‐0.911  0.461    time*condition    3.191  .050  0.115 
Cathodal  18  ‐0.974  0.381  ‐0.718  0.364    condition     0.488  .617  0.020 
Anodal  16  ‐0.860  0.401  ‐0.644  0.424               
       





Sham  18  ‐1.141  0.255  ‐1.202  0.334   
Theta 
time    3.225  .079  0.062 
Cathodal  18  ‐1.203  0.255  ‐0.969  0.292    time*condition    4.274  .019  0.149 
Anodal  16  ‐1.169  0.285  ‐1.115  0.219    condition     0.639  .532  0.025 





































































































































      Pre  Post          F  p  Partial Eta Squared 
    n  M  SD  M  SD   
Delta 
time    2.665  .109  0.052 
Delta 
Sham  18  ‐1.101  0.335  ‐1.202  0.304    time*condition    3.514  .037  0.125 
Cathodal  18  ‐1.173  0.296  ‐1.037  0.326    condition     1.050  .358  0.041 





































































































































































































































































































































































































































































































  M  SD  M  SD  M  SD  F  p 
Age  26.5  6.6  24.4  4.4  24.3  5.4  0.90  .41 
Years of education  17  2.6  17.3  2.6  17.4  3.4  0.10  .91 
Time of day tested  11:34  2.6  11:52  2.6  11:00  2.4  0.20  .82 
EHI  0.88  0.2  0.83  0.2  0.85  0.2  0.24  .79 
AQ  12.9  7.1  12.4  5.6  13.6  6.8  0.14  .87 
































































































































































































































































































           
AQ Social  AQ Switching  Supplementary Table/s  Description 
Reading the Mind in the Eyes (RME)   
  Pre stimulation accuracy  NS  S  A  Higher AQ Switching scores associated with reduced RME accuracy 




       
Fear Surprise Task (FST, pooled static/dynamic stimuli)   
  Pre stimulation accuracy/RT  NS  NS  C, D 
  Post‐pre stimulation accuracy/RT  NS  NS  E, F 
       
Fear Surprise Task (FST, static stimuli only)   
  Pre stimulation accuracy/RT  NS  NS  G, H 











            AQ Social  AQ Switching  Supplementary Table/s  Description 
P100 (during FST)           
  Pre stimulation latency/uV  NS  NS  K, L 




  Pre stimulation latency/uV (hemispheric differences)  NS  NS  O, P 
  Post‐pre stimulation latency/uV (hemispheric 





       
N170 (during FST)     
  Pre stimulation latency/uV  NS  NS  S, T 
  Post‐pre stimulation latency/uV  NS  NS  U, V 
  Pre stimulation latency/uV (hemispheric differences)  NS  NS  W, X 
  Post‐pre stimulation latency/uV (hemispheric 
differences)  NS  NS  Y, Z   
       
P300 (during FST)     
  Pre stimulation latency/uV  NS  NS  A1, B1 








            AQ Social  AQ Switching  Supplementary Table/s  Description 
Resting State EEG (Eyes Open)         
  Pre stimulation bandwidths  NS  NS  E1, F1   
  Post‐pre stimulation bandwidths  NS  NS  G1, H1   
  Pre stimulation bandwidths (hemispheric differences)  NS  NS  I1, J1   
  Post‐pre stimulation bandwidths (hemispheric 








       
Resting State EEG (Eyes Closed)         
  Pre stimulation bandwidths  NS  NS  M1, N1   
  Post‐pre stimulation bandwidths  NS  NS  O1, P1   
  Pre stimulation bandwidths (hemispheric differences)  NS  NS  Q1, R1   












































































































pre‐stimulation data  (nor was  the  inverted‐U hypothesis). However,  some  interesting hemispheric 
power differences at lower frequencies were found when stimulation was taken into account: reduced 






































































































































































































































































































































































































Variable  B  SE B  β  p 
AQ Social  0.01  0.01  0.14  .301 






  Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p (pB*)  B  SE B  β  p  B  SE B  β  p  
AQ Social  ‐0.03  0.02  ‐0.33  .098 (.053)    0.00  0.01  ‐0.05  .85    ‐0.01  0.01  ‐0.12  .68 
AQ Switching  0.05  0.01  1.04  < .001 (.001)    0.01  0.01  0.30  .28    0.01  0.01  0.29  .31 
R2  0.73      0.08      0.07   
Adjusted R2  0.69      ‐0.04      ‐0.06   











Variable  B  SE B  β  p 
RT (pre, ms)  0.00  0.00  ‐0.05  .72 






Variable  B  SE B  β  p 
RT (pre, ms)  0.00  0.00  0.03  .86 







  Sham (n = 18)    Cathodal (n = 18)    Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p  
RT (ms)  0.00  0.00  0.02  .93  0.00  0.00  ‐0.16  .56  0.00  0.00  ‐0.13  .61 
Accuracy (%)  ‐1.35  4.82  ‐0.07  .78  ‐1.84  4.84  ‐0.10  .71  ‐8.09  5.95  ‐0.34  .20 
R2  0.01      0.04      0.13   
Adjusted R2  ‐0.13      ‐0.09      0.01   
F  0.05  .95     0.33  .73    1.08  .37 
  
Table F. FST pre‐post stimulation pooled static/dynamic and fear/surprise data, RT and accuracy predicting AQ Switching, forced entry (N = 53). 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p  
RT (ms)  0.00  0.00  0.00  1.00    0.00  0.00  ‐0.01  .97    0.00  0.00  ‐0.32  .23 
Accuracy (%)  0.63  8.45  0.02  .94    ‐13.60  5.72  ‐0.53  .03    ‐1.36  5.66  ‐0.06  .81 
R2  0.00      0.29      0.11   
Adjusted R2  ‐0.13      0.19      ‐0.02   









Variable  B  SE B  β  p 
Fear, Accuracy (total)  0.01  0.19  0.01  .96 
Fear, RT (ms)  0.00  0.00  0.03  .91 
Surprise, Accuracy (total)  0.09  0.10  0.12  .40 













Variable  B  SE B  β  p 
Fear, Accuracy (total)  0.19  0.25  0.14  .44 
Fear, RT (ms)  0.00  0.00  0.27  .31 
Surprise, Accuracy (total)  ‐0.09  0.13  ‐0.10  .48 






   Sham (n = 18)     Cathodal (n = 18)    Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p (pB*)    B  SE B  β  p  
Fear, Accuracy (total)  0.01  0.20  0.02  .95    0.32  0.20  0.32  .139    ‐0.20  0.46  ‐0.14  .68 
Fear, RT (ms)  0.00  0.00  ‐0.20  .46    0.00  0.00  0.68  0.009 (.042)    0.00  0.00  ‐0.14  .65 
Surprise, Accuracy (total)  ‐0.34  0.25  ‐0.36  .19    ‐0.71  0.22  ‐0.74  0.006 (.021)    ‐0.33  0.31  ‐0.35  .31 
Surprise, RT (ms)  0.00  0.00  0.10  .72    0.00  0.00  ‐0.39  .092    0.00  0.00  0.02  .94 
R2  0.23      0.52      0.11   
Adjusted R2  ‐0.01      0.38      ‐0.18   






   Sham (n = 18)     Cathodal (n = 18)    Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p (pB*)    B  SE B  β  p  
Fear, Accuracy (total)  0.02  0.34  0.02  .96    ‐0.12  0.23  ‐0.08  .617    0.42  0.40  0.32  .31 
Fear, RT (ms)  0.00  0.00  ‐0.25  .34    0.00  0.00  0.60  .005 (.012)    0.00  0.00  0.03  .92 
Surprise, Accuracy (total)  ‐0.68  0.41  ‐0.41  .12    ‐1.16  0.24  ‐0.88  < .001 (.005)    0.31  0.26  0.35  .26 
Surprise, RT (ms)  0.00  0.00  0.11  .68    0.00  0.00  ‐0.39  .044 (.072)    0.00  0.00  0.21  .49 
R2  0.30      0.69      0.26   
Adjusted R2  0.08      0.59      0.01   












Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.10  0.11  ‐0.13  .37 






Variable  B  SE B  β  p 
Amplitude (uV)  0.03  0.15  0.03  .85 







   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p (pB*) 
Latency (ms)  ‐0.02  0.02  ‐0.41  .15    0.00  0.01  ‐0.01  .97    0.11  0.04  0.60  .016 (.058) 
Amplitude (uV)  0.18  0.21  0.23  .41    0.11  0.26  0.11  .68    0.01  0.40  0.00  .984 (.983) 
R2  0.15      0.01      0.36   
Adjusted R2  0.03      ‐0.12      0.27   











   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p  
Latency (ms)  ‐0.04  0.03  ‐0.42  .14    0.03  0.02  0.39  .13    0.07  0.04  0.43  .11 
Amplitude (uV)  0.01  0.36  0.01  .98    0.11  0.33  0.08  .74    0.39  0.42  0.23  .36 
R2  0.17      0.15      0.19   
Adjusted R2  0.05      0.04      0.07   







Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.04  0.09  ‐0.06  0.66 







Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.12  0.11  ‐0.15  .29 







   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p (pB*) 
Amplitude (uV)  ‐0.05  0.22  ‐0.07  .80    ‐0.04  0.18  ‐0.06  .84    ‐0.11  0.18  ‐0.13  .55 
Latency (ms)  0.00  0.01  0.07  .79    0.00  0.01  ‐0.02  .95    0.04  0.01  0.65  .009 (.015) 
R2  0.01      0.00      0.40   
Adjusted R2  ‐0.13      ‐0.13      0.31   
F  0.07  .93     0.03  .97     4.57  0.030 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations) 
Table R. Post‐pre stimulation P100 latency and amplitude predicting AQ Switching, forced entry (N = 52), P7 minus P8 data. 
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p 
Amplitude (uV)  0.00  0.32  0.00  1.00    ‐0.25  0.24  ‐0.26  .32    0.34  0.18  0.44  .08 
Latency (ms)  0.02  0.01  0.53  .03    0.01  0.01  0.12  .65    0.01  0.01  0.16  .50 
R2  0.29      0.07      0.26   
Adjusted R2  0.18      ‐0.05      0.16   
























Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.16  0.12  ‐0.18  .21 







Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.05  0.17  ‐0.04  .77 







   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p  
Latency (ms)  ‐0.01  0.02  ‐0.10  .72    ‐0.02  0.01  ‐0.41  .11    ‐0.02  0.03  ‐0.16  .52 
Amplitude (uV)  ‐0.14  0.28  ‐0.14  .62    ‐0.25  0.22  ‐0.27  .27    0.42  0.26  0.40  .12 
R2  0.03      0.19      0.20   
Adjusted R2  ‐0.11      0.08      0.08   
F  0.18  .83     1.78  .20     1.69  .22 
 
Table V. Post‐pre stimulation N170 latency and amplitude predicting AQ Switching, forced entry (N = 52), pooled P7/P8 data.   
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p 
Latency (ms)  0.00  0.03  0.00  1.00    ‐0.01  0.02  ‐0.17  .52    ‐0.06  0.02  ‐0.53  .03 
Amplitude (uV)  ‐0.20  0.49  ‐0.11  .69    0.02  0.33  0.01  .96    0.16  0.22  0.16  .47 
R2  0.01      0.03      0.32   
Adjusted R2  ‐0.13      ‐0.10      0.22   




Variable  B  SE B  β  p 
Amplitude (uV)  0.02  0.08  0.05  .75 






Variable  B  SE B  β  p 
Amplitude (uV)  0.00  0.10  0.01  .96 







   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Amplitude (uV)  0.01  0.01  0.46  .05    0.02  0.01  0.33  .18    ‐0.02  0.02  ‐0.28  .28 
Latency (ms)  ‐0.18  0.12  ‐0.32  .17    ‐0.18  0.17  ‐0.24  .33    ‐0.18  0.22  ‐0.21  .42 
R2  0.35      0.17      0.11   
Adjusted R2  0.26      0.06      ‐0.01   
F  3.74  .05     1.57  .24     0.90  .43 
 
Table Z. Post‐pre stimulation N170 latency and amplitude predicting AQ Switching, forced entry (N = 52), P7 minus P8 data. 
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Amplitude (uV)  0.01  0.01  0.28  .30    0.00  0.02  0.05  .84    ‐0.03  0.01  ‐0.49  .05 
Latency (ms)  ‐0.08  0.25  ‐0.08  .76    ‐0.23  0.25  ‐0.23  .38    0.15  0.18  0.18  .44 
R2  0.09      0.05      0.28   
Adjusted R2  ‐0.04      ‐0.07      0.18   







Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.01  0.07  ‐0.03  .85 






Variable  B  SE B  β  p 
Amplitude (uV)  0.09  0.09  0.14  .33 







   Sham (n = 18)     Cathodal (n = 17)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p (pB*)  
Latency (ms)  ‐0.01  0.01  ‐0.37  .19    0.00  0.01  0.03  .90    0.03  0.01  0.55  .023 (.069) 
Amplitude (uV)  ‐0.24  0.12  ‐0.55  .06    ‐0.10  0.16  ‐0.17  .53    0.21  0.15  0.30  .187 (.098) 
R2  0.22      0.03      0.37   
Adjusted R2  0.12      ‐0.11      0.28   




   Sham (n = 18)     Cathodal (n = 17)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p 
Latency (ms)  0.01  0.01  0.13  .65    0.00  0.02  ‐0.07  .78    0.00  0.02  0.07  .79 
Amplitude (uV)  ‐0.27  0.21  ‐0.35  .22    0.21  0.21  0.26  .34    0.04  0.18  0.06  .82 
R2  0.19      0.08      0.01   
Adjusted R2  0.08      ‐0.06      ‐0.13   













Variable  B  SE B  β  p 
Delta  4.07  5.58  0.14  .47 
Theta  ‐1.31  12.58  ‐0.02  .92 
Alpha  ‐0.77  5.43  ‐0.03  .89 







Variable  B  SE B  β  p 
Delta  ‐8.32  7.29  ‐0.22  .26 
Theta  24.68  16.43  0.34  .14 
Alpha  ‐3.51  7.10  ‐0.09  .62 






   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  22.37  11.72  0.63  .08  2.03  6.04  0.17  .74  ‐11.91  8.48  ‐0.44  .19 
Theta  ‐31.15  14.72  ‐0.73  .05  ‐25.10  21.39  ‐0.41  .26  22.94  23.19  0.32  .34 
Alpha  10.36  7.68  0.43  .20  ‐8.93  7.49  ‐0.44  .25  ‐4.30  14.25  ‐0.10  .77 
Beta  ‐63.46  29.93  ‐0.58  .05  47.50  78.59  0.17  .56  ‐12.64  94.63  ‐0.04  .90 
R2  0.37      0.26      0.17   
Adjusted R2  0.18      0.03      ‐0.13   




   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  24.84  20.92  0.40  .26  ‐0.48  7.61  ‐0.03  .95  ‐1.22  7.25  ‐0.05  .87 
Theta  ‐57.96  26.29  ‐0.77  .05  ‐34.17  26.93  ‐0.41  .23  ‐7.59  19.84  ‐0.11  .71 
Alpha  28.88  13.72  0.68  .06  3.09  9.43  0.11  .75  11.50  12.18  0.28  .37 
Beta  ‐78.96  53.45  ‐0.41  .16  ‐141.12  98.96  ‐0.36  .18  ‐170.91  80.93  ‐0.56  .06 
R2  0.35      0.37      0.31   
Adjusted R2  0.15      0.18      0.06   
F  1.74  .20     1.91  .17     1.22  .36 
 
Table I1. Pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes open. 
Variable  B  SE B  β  p 
Delta  13.06  9.61  0.20  .18 
Theta  5.42  12.74  0.07  .67 
Alpha  ‐5.29  5.88  ‐0.15  .37 







Variable  B  SE B  β  p 
Delta  13.36  12.74  .15  .30 
Theta  ‐5.39  16.88  ‐.05  .75 
Alpha  ‐2.97  7.79  ‐.07  .71 






   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p (pB*) 
Delta  ‐4.50  8.57  ‐0.14  .61  2.24  14.78  0.04  .88  ‐37.65  12.03  ‐0.64  .010 (.043) 
Theta  0.40  12.06  0.01  .97  7.50  18.21  0.14  .69  ‐43.10  14.69  ‐0.57  .014 (.097) 
Alpha  ‐11.97  9.29  ‐0.39  .22  5.79  9.23  0.23  .54  7.38  6.74  0.22  0.30 
Beta  ‐27.25  31.20  ‐0.24  .40  50.24  65.98  0.22  .46  71.77  52.06  0.29  0.20 
R2  0.19      0.25      0.62   
Adjusted R2  ‐0.06      0.02      0.48   





   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p (pB*)    B  SE B  β  p 
Delta  ‐1.81  16.41  ‐0.03  .91    ‐46.12  16.49  ‐0.66  .015 (.038)    ‐19.57  16.83  ‐0.36  .27 
Theta  8.34  23.10  0.12  .72    46.80  20.31  0.66  .038 (.036)    ‐16.81  20.55  ‐0.24  .43 
Alpha  1.38  17.79  0.03  .94    3.17  10.30  0.09  .76    ‐6.87  9.43  ‐0.21  .48 
Beta  ‐20.52  59.73  ‐0.10  .74    ‐13.76  73.59  ‐0.04  .85    47.42  72.84  0.21  .53 
R2  0.03      0.50      0.15   
Adjusted R2  ‐0.27      0.35      ‐0.16   


















Variable  B  SE B  β  p 
Delta  ‐4.59  4.97  ‐0.16  .36 
Theta  3.76  6.28  0.13  .55 
Alpha  ‐0.58  1.76  ‐0.06  .74 









Variable  B  SE B  β  p 
Delta 7.10  6.23  0.19  .26 
Theta 4.36  7.86  0.11  .58 
Alpha ‐3.37  2.20  ‐0.28  .13 






   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  9.79  10.99  0.26  .39  ‐7.22  7.75  ‐0.32  .37  ‐3.73  4.53  ‐0.22  .43 
Theta  ‐11.64  6.56  ‐0.54  .10  6.44  7.60  0.30  .41  17.65  13.43  0.51  .21 
Alpha  6.26  4.00  0.42  .14  1.24  2.59  0.13  .64  ‐2.58  5.05  ‐0.24  .62 
Beta  ‐30.50  44.02  ‐0.19  .50  17.79  67.84  0.07  .80  ‐19.26  54.74  ‐0.12  .73 
R2  0.28      0.10      0.18   
Adjusted R2  0.06      ‐0.18      ‐0.09   




   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p 
Delta  12.81  19.29  0.19  .52    ‐18.42  8.24  ‐0.60  .04    ‐3.55  4.20  ‐0.23  .41 
Theta  ‐16.37  11.52  ‐0.44  .18    ‐2.93  8.09  ‐0.10  .72    14.99  12.46  0.46  .25 
Alpha  13.81  7.02  0.53  .07    3.43  2.75  0.27  .23    ‐0.48  4.68  ‐0.05  .92 
Beta  ‐33.67  77.27  ‐0.12  .67    40.65  72.19  0.12  .58    ‐25.20  50.80  ‐0.17  .63 
R2  0.28      0.45      0.19   
Adjusted R2  0.06      0.29      ‐0.08   









Variable  B  SE B  β  p 
Delta  5.33  5.30  0.15  .32 
Theta  3.64  4.43  0.13  .42 
Alpha  ‐3.23  1.93  ‐0.33  .10 






Variable  B  SE B  β  p 
Delta  ‐3.05  7.15  ‐0.06  .67 
Theta  4.69  5.98  0.13  .44 
Alpha  ‐1.17  2.60  ‐0.09  .66 







   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p 
Delta  ‐0.13  0.12  ‐0.24  .29  ‐0.42  0.14  ‐0.59  .01  0.12  0.12  0.24  .35 
Theta  ‐6.87  3.67  ‐0.51  .08  ‐7.90  4.92  ‐0.35  .13  ‐2.64  8.68  ‐0.15  .77 
Alpha  0.31  3.68  0.03  .93  ‐0.55  2.52  ‐0.06  .83  5.93  3.95  0.75  .16 
Beta  ‐29.07  31.86  ‐0.29  .38  ‐14.96  55.23  ‐0.07  .79  ‐33.98  48.38  ‐0.19  .50 
R2  0.41      0.46      0.33   
Adjusted R2  0.23      0.30      0.11   
F  2.24  .12     2.79  .07     1.48  .27 
 
Table T1. Post‐pre stimulation, P7 minus P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes closed. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  ‐0.37  0.22  ‐0.38  .11  ‐0.05  0.21  ‐0.05  .81  0.20  0.11  0.45  .08 
Theta  5.37  6.57  0.23  .43  ‐17.22  7.10  ‐0.55  .03  ‐6.55  7.68  ‐0.41  .41 
Alpha  ‐7.89  6.59  ‐0.44  .25  3.08  3.64  0.23  .41  3.19  3.50  0.43  .38 
Beta  ‐13.99  57.08  ‐0.08  .81  ‐81.21  79.70  ‐0.27  .33  66.68  42.85  0.40  .15 
R2  0.38      0.40      0.40   
Adjusted R2  0.19      0.22      0.20   






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Have you ever had an adverse reaction to TMS/tDCS?    ☐ Yes  ☐ No 

Have you ever fainted or felt that you might faint?    ☐ Yes  ☐ No 

Have you ever had a head injury that was diagnosed    
       as concussion, or involved a loss of consciousness?    ☐ Yes  ☐ No 

Have you ever had brain surgery?    ☐ Yes  ☐ No 

Do you have any metal in your head (outside the mouth), 





Do you ever get headaches or migraines?    ☐ Yes  ☐ No 

Do you have any implanted medical devices, such as 
       cardiac pacemakers, medical pumps, or intracardiac lines?    ☐ Yes  ☐ No 

Have you ever had any other brain‐related condition?    ☐ Yes  ☐ No 

Are you pregnant, or is there any chance that you might be pregnant?    ☐ Yes  ☐ No 
 
In the past 24 hours have you consumed any alcohol or recreational drugs?    ☐ Yes  ☐ No 
    




Have you ever had a seizure?    ☐ Yes  ☐ No 














































  Mild  Moderate  Severe   
  No  Yes  1  2  3  4  5 
Headache               
Migraine               
Scalp pain               
Face pain               
Ear pain               
Neck pain               
Shoulder pain               
Body pain               
Numbness/”Pins and Needles”               
Toothache               
Nausea               
Problems with vision               
Weepiness/crying               
Nervousness/anxiety               
Fatigue               
Dizziness               
Fainting/feeling faint               
Skin rash/burn               
Thinking difficulties               







































































































































































































































Date:         13/11/2014 
Full Project Title:  The effect of non‐invasive transcranial stimulation on social 
cognition (Study 3) 
Reference Number:    2014‐258 
 
 
 
I hereby wish to WITHDRAW my consent to participate in the above research project and 
understand that such withdrawal WILL NOT jeopardise my relationship with Deakin 
University. 
 
Participant’s Name (printed) ……………………………………………………. 
 
Signature ………………………………………………………………. Date …………………… 
 
Please mail or fax this form to: 
 
  Associate Professor Peter Enticott 
School of Psychology, Deakin University 
221 Burwood Hwy, Burwood VIC 3125 
Ph: (03) 9244 5504  Fax: (03) 9244 6858 
258 
 
 
Appendix D: Inclusion/Exclusion Criteria 
 
Inclusion Criteria:  
- Right‐handed 
- Aged 18‐40 
- No history of psychiatric or neurological illness. 
 
Exclusion Criteria:  
- Pregnant  
- Epilepsy or a history of seizures 
- History of serious head injury 
- Metal implants in the head (outside of the mouth). 
- History of stroke. 
- Hearing or vision impairment (glasses, soft contact lenses OK)  
- History of neurological, psychiatric or genetic disorder/s.  
- Use of psychiatric medications. 
- Left‐handed or ambidextrous. 
- Professional driver or machine operator.  
- Hard contact lenses. 
 
 
 
 
